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1

BAND-DIVISION ENCODER UTILIZING A
PLURALITY OF ENCODING UNITS

TECHNICAL FIELD

The present invention relates to an encoding device for
encoding an inputted audio signal, storing and transmitting
an encoded code, and to a decoding device for decoding the
code acquired 1n such encoding device and for reproducing
an audio signal, as well as to an encoding method and a
decoding method in such encoding device and decoding
device.

BACKGROUND ART

As a technology to encode a general audio signal to be
represented by a small amount of bits for acquiring a
high-quality reproduction signal, there 1s a well-known
method utilizing band division encoding. Such method 1s
realized by dividing an mputted audio signal into a signal
having a plurality of frequency bands through band division
filter, or by transforming an mnputted audio signal into a
signal 1n the frequency domain through a time-frequency
transiform such as Fourier transform and dividing the result-
ing signal into a plurality of bands 1n the frequency domain,
which 1s followed by the allocation of approprnate encoding,
bits to each band. The reason why band division encoding
provides a high-quality reproduction signal 1s that process-
ing on the basis of human auditory characteristics 1s per-
formed 1n such method at the encoding stage. Generally, the
human sense of hearing 1s less sensitive to a high-frequency
sound at around 10 kHz and to a sound at a low level.
Furthermore, there 1s a well-known phenomenon called
frequency masking, due to which 1t 1s diflicult for a person,
when there 1s a high level sound 1n a certain frequency band,
to percetve a lower level sound 1n the proximity of such
frequency band. Concerning such sounds that are hard to be
perceived because of the human auditory characteristics, it
results in little contribution to the improvement in the
quality of a reproduction signal even 1f encoding 1s per-
formed by allocating a large number of bits and therefore
there 1s no point of performing such encoding. This means,
however, that it 1s possible to improve the quality of a
reproduction signal by allocating encoding bits which are
allocated to the parts a person cannot perceive well without
taking into account the human auditory characteristics, to
the parts to which the human hearing i1s sensitive, and then
by performing a detailed encoding for such parts.

As a representative example of encoding utilizing the

above-mentioned band division, exists ISO standard
MPEG-4 AAC (ISO/IEC 14496-3). The following explains

the operation of the MPEG-4 AAC (to be referred to as
“AAC” hereinatiter) with reference to figures.

FIG. 1 1s a block diagram showing the configuration of an
encoding device 100 1n accordance with the conventional
AAC system. The encoding device 100 i1s an encoding
device for evaluating an mput signal 109 on the basis of the
human auditory characteristics so as to encode such input
signal 109 by allocating the amount of bits according to the
result of such evaluation. Such encoding device 100 1s
comprised of an auditory characteristics evaluating unit 101,
a transform block length selecting unit 102, an MDCT
transforming unit 103, a band dividing unit 104, a spectral
signal processing unit 105, a bit allocating unit 106, a
quantizing unit 107, and a code multiplexing unit 108. The
input signal 109 1s divided 1n umts of 1024 samples which
1s the basic frame length per frame and then 1s inputted to the
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2

auditory characteristics evaluating unit 101 and the MDCT
transforming unit 103. The auditory characteristics evaluat-
ing unit 101 evaluates the input signal 109 according to the
human auditory characteristics and outputs an auditory
characteristics evaluated value 110. The transform block
length selecting unit 102 selects a transform block length
suited to encode the input signal 109 according to the
auditory characteristics evaluated value 110 and outputs the
selected transform block length to the MDCT transforming
unit 103. Then the MDCT transforming unit 103 transiorms
the input signal 109 into MDC'T coeflicients 111 with such
selected transform block length. In the case of the AAC, a
transform block length 1s 128 samples or 1024 samples. The
shorter transform block length 1s provided 1t the input signal
109 1s a transient signal, while the longer transform block
length 1s provided if the input signal 109 1s a stationary
signal.

MDCT (Modified Discrete Cosine Transform) employed
here 1s a kind of cosine transform, and the determined
MDCT coetlicients 111 serve as coeflicients representing the
frequency spectrum of the mput signal 109. The determined
MDCT coeflicients 111 are divided into a plurality of
frequency bands (sub-bands) by the band dividing unit 104.
Then, for MDCT coetlicients 112 divided into each fre-
quency band, the spectral signal processing unit 105 makes
such predictions as contribute to encoding of an increased
elliciency and performs noise shaping on the basis of the
auditory characteristics evaluated value 110. Moreover, 1f
the 1input signal 109 1s such signal as a stereo signal made up
a plurality of channels, the spectral signal processing unit
105 performs processing called joint stereo which enhances
the efhiciency of encoding by utilizing an inter-channel
correlation of signals. Furthermore, there 1s a case where
processing called PNS (Perceptual Noise Substitution) 1s
carried out, a detailed explanation of which 1s given later.

Meanwhile, information concerning what kind of process-
ing 1s performed in the spectral signal processing unit 105 1s
outputted as an auxiliary information code 114. The bat
allocating unit 106 determines bit allocation 115 required for
quantization and outputs such bit allocation 115 to the
quantizing unit 107. The quantizing umt 107 quantizes
MDCT coethicients 113 for which processing 1s performed 1n
the spectral signal processing unit 105 with the number of
bits indicated by the bit allocation 115. Quantization 1s
performed for a combination of normalized gain information
ol each sub-band called the scale factor and values of MDCT
coellicients normalized by the scale factor. The code mul-
tiplexing unit 108 multiplexes the auxiliary information
code 114 outputted from the spectral signal processing unit
105 with a spectral code 116 outputted from the quantizing
umt 107 and then puts the resulting code mnto a specified
format to output 1t as an output code 117. Note that in the
case of the AAC, since the number of bits to be allocated for
the basic frame can be arbitrarily determined on a per-frame
basis, encoding 1s basically performed at a variable bit rate.
However, by providing a bufler called bit reservoir belore
the final output processing so as to have such buller absorb
bit rate variations of each frame, 1t 1s possible for a signal to
be transmitted at a fixed bit rate.

Next, an explanation 1s provided for PNS processing. In
PNS, 1t 1s judged whether or not the above-mentioned each
sub-band has noise characteristics in terms of the auditory
sense. When judged to have noise characteristics, MDCT
coellicients 1n such band are substituted with a noise signal
to be generated randomly. Since there 1s no need for quan-
tizing values of MDCT coetlicient 1n a band substituted with
a noise signal and therefore only the gain information
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corresponding to the scale factor needs to be quantized, it 1s
possible to make a significant reduction 1n the number of
encoding bits required for quantization.

Through such encoding processing, the AAC enables a
high-quality encoding of a stereo signal in a wide band at 20
Hz 16 kHz or over at around 96 kbps, for instance.

However, when the bit rate 1s further lowered to around 48
kbps, for example, there occurs a problem that the band-
width of a stereo signal for which high-quality encoding 1s
possible becomes narrower, resulting in a muiiled sound
from an audibility standpoint.

Furthermore, too frequent use of PNS for the sake of
reducing the number of encoding bits of MDCT coeflicients
at the stage of lowering the bit rate leads to an increase of
parts to be substituted with a noise signal, and therefore the
resulting sound 1s with much noise and distortion even to
human ears.

In view of the above-mentioned problems, the present
invention aims at providing an encoding device, a decoding
device, an encoding method, and a decoding method which
allow high-quality decoding of an audio signal 1n a wide
bandwidth on the part of the decoding device which receives
a code, when transmitting the code of such audio signal
encoded 1n the encoding device at a low bit rate.

DISCLOSURE OF INVENTION

In order to achieve the above object, the encoding device
according to the present invention 1s an encoding device
comprising: a first band dividing umt operable to divide an
input signal 1nto a low frequency signal representing a signal
in a lower frequency band and a high frequency signal
representing a signal in a higher frequency band; a lower
frequency band encoding umt operable to encode the
divided low frequency signal and generate a low frequency
code; a similarity judging unit operable to judge similarity
between the high frequency signal and the low frequency
signal; a plurality of higher frequency band encoding units
operable to encode the high frequency signal through
respective encoding methods and generate a high frequency
code; an encoding selecting unit operable to select one of a
plurality of the higher frequency band encoding units, have
the selected higher frequency band encoding unit perform
encoding, and generate selection information specifying an
encoding method employed by the selected higher frequency
band encoding unit; and a code multiplexing unit operable to
multiplex the low frequency code from the lower frequency
band encoding unit, the high frequency code from the
selected higher frequency band encoding unit and the selec-
tion information from the encoding selecting unit, and
generate an output code. Furthermore, the decoding device
that decodes the output code encoded by such encoding
device 1s a decoding device comprising: a lower frequency
band decoding unit operable to decode a low frequency
signal representing a signal 1n a lower frequency band out of
an input code; a plurality of higher frequency band decoding
units operable to decode a high frequency signal represent-
ing a signal 1n a higher frequency band out of the mput code
through respective decoding methods; a decoding selecting,
unit operable to select one of a plurality of the higher
frequency band decoding units according to selection infor-
mation included in the input code, and have the selected
higher frequency band decoding unit perform decoding; and
a signal combining umt operable to combine the low fre-
quency signal decoded by the lower frequency band decod-
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ing unit with the high frequency signal decoded by the
selected higher frequency band decoding unit, and generate
an output decoded signal.

With the above configuration, since it 1s possible to divide
the input signal 1nto a signal 1n the lower frequency band and
a signal in the higher frequency band and to encode such
signal 1n the higher frequency band appropnately so as to
represent 1t with a small amount of bits based on similarity
between such signal 1 the higher frequency band and the
signal 1n the lower frequency band, a high-quality repro-
duction signal can be acquired from a code represented by
a smaller amount of bits.

Moreover, according to another encoding device and
decoding device of the present mvention, it 1s possible to
divide the mput signal into a signal 1n the lower frequency
band and a signal in the higher frequency band and to encode
the signal 1n the higher frequency band appropriately so as
to represent 1t with a small amount of bits, based on
similarity between such signal in the higher frequency band
and the signal in the lower frequency band. Furthermore,
since 1t 1s also possible to obtain a more suitable value as the
degree of similarity by using the signal acquired as a result
ol decoding the code encoded by the lower frequency band
encoding unit as a signal 1n the lower frequency band when
determining similarity, a high-quality reproduction signal
can be obtained from a code represented by a smaller
amount of bits.

Furthermore, according to another encoding device and
decoding device of the present mvention, it 1s possible to
divide the mnput signal into a signal 1n the lower frequency
band and a signal 1n the higher frequency band and to encode
the signal 1n the higher frequency band appropriately so as
to represent 1t with a small amount of bits, based on
similarity between such signal in the higher frequency band
and the signal 1n the lower frequency band. Moreover, since
it 15 also possible to improve efliciency 1n the encoding of
the lower Ifrequency band encoding unit by performing
down-sampling for the signal in the lower frequency band,
a high-quality reproduction signal can be obtained from a
code represented by a smaller amount of bits.

What 1s more, according to another encoding device and
decoding device of the present invention, since it 1s possible
to divide the spectral coeflicients 1n the higher frequency
band and to apply an optimum encoding method for each
divided coethicients, a high-quality reproduction signal can
be obtained from a code represented by a smaller amount of
bits.

Moreover, according to another encoding device and
decoding device of the present invention, it 1s possible to
divide the mput signal into a signal 1n the lower frequency
band and a signal in the higher frequency band and to encode
the signal 1n the higher frequency band appropriately so as
to represent i1t with a small amount of bits, based on
similarity between such signal in the higher frequency band
and the signal 1n the lower frequency band, a high-quality
reproduction signal can be acquired from a code represented
by a smaller amount of bits. Furthermore, since 1t 1s possible
to collectively calculate spectral coetlicients to be encoded
in the lower frequency band encoding unit and the higher
frequency band encoding unit, the amount of processing
required for time-irequency transiform can be reduced. What
1s more, since 1t 1s also possible to collectively transform
spectral coellicients decoded by the lower frequency band
decoding unit and the higher frequency band decoding unit
into a time signal, the amount of processing required for
frequency-time transform can be reduced.
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Furthermore, according to another encoding device and
decoding device of the present invention, after dividing the
input signal into a signal 1n the higher frequency band and
a signal 1n the lower frequency band, a conventional encod-
ing method 1s employed for the signal 1n the lower frequency
band, while the following methods are employed for the
signal 1n the higher frequency band for encoding: the
similarity judging unit that judges similarity between the
signal 1n the higher frequency band and the signal in the
lower frequency band; and the higher frequency band encod-
ing unit that performs encoding by the use of either the
similarity with the signal in the lower frequency band or a
random noise signal on the basis of a result of such judgment
made by the similanity judging umit. Accordingly, it 1s
possible to perform encoding and decoding for a signal in
the higher frequency band which cannot be encoded thor-
ough a conventional method so as to represent 1t with a
smaller amount of bits, which consequently results in the
improvement 1n the auditory quality of an encoded audio
signal.

As 1s obvious from the above description, according to the
encoding device and the decoding device of the present
invention, by dividing the input signal mnto a signal 1n the
higher frequency band and a signal 1n the lower frequency
band and by encoding the signal in the higher frequency
band by the use of similarity between such signal in the
higher frequency band and the signal 1in the lower frequency
band, 1t 1s possible to encode the signal in the higher
frequency band 1n a more eflicient manner and to obtain a

high-quality decoded signal from a code represented by a
smaller amount of bat.

Moreover, the use of spectral coeflicients in the same
format for the encoding of both the lower and higher
frequency bands makes 1t possible for a high-quality
decoded signal to be obtained through a smaller amount of
processing.

Further Information about Techmical Background to this
Application

The following applications are incorporated herein by
reference: Japanese patent application Ser. No. 2002-022356

filed Jan. 30, 2002; and Japanese patent application Ser. No.
2002-120428 filed Apr. 23, 2002.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that 1llustrate a specific embodiment of the inven-
tion. In the Drawings:

FIG. 1 1s a block diagram showing a configuration of an
encoding device 1 accordance with the conventional AAC
system.

FIG. 2 1s a block diagram showing a configuration of an
encoding device according to the first embodiment.

FIG. 3A 1s a diagram illustrating two sine waves with
different frequencies as time signals.

FIG. 3B 1s a diagram illustrating two sine waves with
different frequencies as frequency signals.

FIG. 4 1s a block diagram showing a configuration of a
decoding device according to the first embodiment.

FIG. 5 1s a block diagram showing a configuration of an
encoding device according to the second embodiment.

FIG. 6 1s a block diagram showing a configuration of an
encoding device according to the third embodiment.
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FIG. 7 1s a block diagram showing a configuration of a
decoding device that decodes an output code encoded by the
encoding device 1illustrated 1n FIG. 6.

FIG. 8 1s a block diagram showing a configuration of parts
that generate a high frequency code and switching informa-
tion 1n an encoding device according to the fourth embodi-
ment.

FIG. 9A 1s a diagram illustrating an encoding method of
the first higher frequency band encoding unit.

FIG. 9B 1s a diagram illustrating an encoding method of
the second higher frequency band encoding unait.

FIG. 10 1s a block diagram showing a configuration of
parts (higher frequency band decoding device) that decode
the high frequency code 1n a decoding device used 1n a pair
with the encoding device illustrated in FIG. 8.

FIG. 11 1s a block diagram showing a configuration of an
encoding device according to the fifth embodiment.

FIG. 12 1s a block diagram showing a configuration of a
decoding device that decodes an input code which 1s the
output code of the encoding device illustrated 1n FIG. 11.

FIG. 13 15 a block diagram showing a configuration of an
encoding device according to the sixth embodiment.

FIG. 14 15 a diagram showing high frequency coeflicients
and low frequency coetlicients 1n the case where a basic
transform block 1s selected in the transform block length
selecting unit illustrated 1n FIG. 13.

FIG. 15 1s a diagram showing high frequency coeflicients
and low frequency coellicients 1n the case where a transform
sub-block 1s selected 1n the transform block length selecting
unit i1llustrated 1n FIG. 13.

FIG. 16 1s a block diagram showing a configuration of a
decoding device that decodes the output code outputted by
the encoding device illustrated 1 FIG. 13.

FIG. 17 15 a block diagram showing a configuration of an
encoding device according to the seventh embodiment.

FIG. 18 1s a block diagram showing a configuration of a
decoding device that decodes the output code encoded by
the encoding device illustrated 1 FIG. 17.

FIG. 19 15 a block diagram showing a configuration of an
encoding device according to the eighth embodiment.

FIG. 20A 1s a diagram showing an example of all fre-
quency bands coellicients outputted according to the block
length information from the time frequency transforming
umt of the encoding device illustrated 1n FIG. 19.

FIG. 20B i1s a diagram showing an example of the high
frequency coellicients inputted to the higher frequency band
encoding unit of the encoding device illustrated 1n FIG. 19.

FIG. 20C 1s a diagram showing an example of the low
frequency coeflicients inputted to the lower frequency band
encoding unit of the encoding device illustrated 1n FIG. 19.

FIG. 21 1s a diagram showing a relation between the high
frequency coeflicients and the low frequency coetlicients 1n
the case where grouping 1s performed 1n the lower frequency
band encoding unit of the encoding device illustrated i FIG.
19.

FIG. 22 1s a block diagram showing a configuration of
another encoding device according to the eighth embodi-
ment.

FIG. 23 1s a block diagram showing a configuration of
another encoding device according to the eighth embodi-
ment.

FIG. 24 1s a block diagram showing a configuration of a
decoding device that decodes the output code generated by
the encoding device illustrated 1 FIG. 19.

FIG. 25 1s a block diagram showing a configuration of a
decoding device that decodes the output code generated by
the encoding device illustrated 1 FIG. 22.
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FIG. 26 1s a block diagram showing a configuration of a
decoding device that decodes the output code generated by
the encoding device 1llustrated 1n FIG. 23 as an mput code.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

The following paragraphs provide detailed explanations
of embodiments of the present invention with reference to
the figures.

The First Embodiment

FI1G. 2 1s a block diagram showing the configuration of an
encoding device 200 according to the first embodiment of
the present invention. The encoding device 200 1s an encod-
ing device that checks similarity between a signal in the
higher frequency band and a signal in the lower frequency
band of an input signal so as to encode such signal in the
higher frequency band to be represented by a smaller
number of bits. Such encoding device 200 includes a band
dividing unit 201, a lower frequency band encoding unit
202, a similarity judging unmit 203, a switching unit 204, a
higher frequency band encoding unit 205, and a code
multiplexing unit 206. In such encoding device 200, the
band dividing unit 201 performs band division for an input
signal 207 so as to divide such mput signal 207 into a low
frequency signal 208 including only a signal 1n the lower
frequency band and a high frequency signal 209 including
only a signal in the higher frequency band. The boundary
between the upper limit frequency included in the low
frequency signal 208 and the lower limit frequency included
in the high frequency signal 209 can be arbitrarily deter-
mined, and there may be an overlap 1n such upper and lower
limit frequencies. The lower frequency band encoding unit
202 encodes the low frequency signal 208 to output a low
frequency code 213. Note that any one of known encoding
units can be employed as the lower frequency band encoding
unit 202 here. Next, the similarity judging unit 203 makes a
judgment on similarity between the low frequency signal
208 and the high frequency signal 209 to output switching
information 210 and similarity information 211. The pre-
diction error, for example, can be used to judge similarity,
but more specific method 1s explained in detail later.

The higher frequency band encoding unit 205 encodes the
high frequency signal 209 1n an optimized manner according,
to values indicated by the switching information 210 and the
similarity information 211. To be more specific, the higher
frequency band encoding unit 205 1s comprised of “n”
higher frequency band encoding units made up of the first ~
the “n”’th (*n” 1s a natural number) higher frequency band
encoding units, one of which i1s selected according to the
switching information 210. Each of the first ~ the “n’th
higher frequency band encoding unit 1s configured to opti-
mally encode the high frequency signal 209, characteristics
of which varies on a per-signal basis and which 1s classified
according to similarity between the low frequency signal
208 and the high frequency signal 209. The switching unit
204 selects a predetermined optimal higher frequency band
encoding unit from among the first ~ the “n”th higher
frequency band encoding umts and the selected higher
frequency band encoding unit encodes the high frequency
signal 209 referring to the similarity information 211 and
outputs a high frequency code 212. When similarity 1s low,
the similarity judging unit 203 judges, for example, that the
input signal 207 1s a random s1gnal with noise characteristics
and outputs such switching information 210 as selects a
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higher frequency band encoding unit capable of encoding
the high frequency signal 209 by the use of noise, from
among the first ~ the “n”’th higher frequency band encoding
unmits. When similarity 1s high, on the other hand, the
similarity judging unit 203 outputs such switching informa-
tion 210 as indicates that a higher frequency band encoding
unit capable of encoding a differential signal determined as
a result of deducting the low frequency signal 208 judged to
have a high degree of similarity from the high frequency
signal 209 1s selected. Meanwhile, the similarity judging
unit 203 1s assumed to be configured to output to the higher
frequency band encoding umt 205 a part in the low ire-

quency signal 208 having a high degree of similarity with
the high frequency signal 209 or a diflerential between the
high frequency signal 209 and the low frequency signal 208
having a high degree of sitmilarity as a part of the similarity
information 211, when similarity between the low frequency
signal 208 and the high frequency signal 209 is high, and
when similarity between the low frequency signal 208 and
the high frequency signal 209 1s low, the similarity judging
unit 203 outputs “0” as the similarity information 211.

When encoding 1s performed in the higher frequency band
encoding unit 205 by the use of noise, since the selected
higher frequency band encoding unit regards a high fre-
quency signal to be encoded as a noise signal generated
randomly and encodes only gain mnformation indicating the
strength of such high frequency signal, the number of bits
required for encoding 1s largely reduced as compared to
when values of a high frequency signal 1s directly encoded.
Furthermore, 1n an encoding method utilizing a diflerential
signal when similarity 1s high, reduction can be made 1n the
number of bits required for encoding the high frequency
signal 209 by quantizing the differential between such high
frequency signal 209 and the low Irequency signal 208
having a high degree of similarity. Note that when similarity
1s extremely high or when encoding a signal 1n an extremely
high frequency band which 1s not very important from the
standpoint of the auditory characteristics, the high frequency
signal 209 to be encoded may be substituted with the low
frequency signal 208 with a high degree of similarity
without encoding the differential. By so doing, since encod-
ing 1s required only for information used to specity such low
frequency signal 208 serving as a substitution, the number of
bits required to encode the high frequency signal 209 1s
turther reduced. Meanwhile, the low frequency code 213,
the high frequency code 212 and the switching information
210 which are outputs generated as a result of encoding
processing performed by the lower frequency band encoding
umt 202, by the higher frequency band encoding unit 205
and by the similanty judging unit 203 respectively, are
multiplexed 1n the code multiplexing unit 206 to be output-
ted as an output code 214.

Next, an explanation is provided for a method utilizing the
prediction error as an example of a similanity judging
method. Since the low frequency signal 208 and the high
frequency signal 209 are generated as a result of band
division performed for the mput signal, each signal includes
different frequency components. Therefore, 1t 1s diflicult to
make a judgment on similarity between such two signals as
long as they are seen as time signals. However, seen as
frequency signals, it becomes easier to judge similarity
between such two signals by making a comparison between
the distributions of each signal’s frequency components.
Such principle 1s illustrated in FIGS. 3A and 3B, which
present a 1 kHz sine wave and a 2 kHz sine wave with the
same amplitude as a time signal and as a frequency signal
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(c.g. FFT power spectral coetlicients), as an example of
signals having different frequency components.

FIGS. 3A and 3B are diagrams illustrating the difference
between when two signals are seen as time signals and when
seen as frequency signals. FIG. 3A 1s a diagram representing
two sine waves with different frequencies as time signals.
FIG. 3B 1s a diagram representing two sine waves with
different frequencies as frequency signals. In FIG. 3A, there
1s no similarity which can be easily judged between a 1 kHz
sine wave 301 and a 2 kHz sine wave 302 represented as
time signals. In contrast, 1n FIG. 3B, since a 1 kHz sine wave
303 and a 2 kHz sine wave 304 represented as frequency
signals are 1llustrated as a single line spectrum, 1t 1s easy to
judge that there 1s an extremely high degree of similarity
between them. In other words, the only difference between
such two sine waves 1s their positional information indicated
as “frequency.” For example, in FIG. 3B, with the position
of the 2 kHz sine wave 304 set as a reference point 305,
when comparing a signal extracted from the reference point
305 with a signal extracted from the position distant only by
distance “k” from the reference point 303 to the 1 kHz sine
wave 303(=shift number 306), these two signals match.

Based on this principle, the low frequency signal 208 and
the high frequency signal 209 are transformed into spectral
coellicients indicating frequency components of the input
signal 207 by the similarity judging unit 203 through time-
frequency transform so that similarity between such low
frequency signal 208 and high frequency signal 209 are
judged. As a time-frequency transform, any one of known
transiforms may be employed including Fourier transform,
cosine ftransform and filter bank. As illustrated in the
example of 1n FIG. 3B, similarnity between the low frequency
signal 208 and the high frequency signal 209 can be judged
by shifting to overlay one signal to the other 1n the frequency
domain, and the prediction error 1s provided as a scale which
indicates the mismatching part when such two signals are
overlaid each other. Since the present invention uses the low
frequency signal 208 to encode the high frequency signal
209, a preferable configuration 1s one with which similarity
between such two signals 1s judged by making the high
frequency signal 209 fixed as a target, to which the low
frequency signal 208 1s shifted. In such configuration, by
representing the low frequency signal 208 and the high
frequency signal 209 transformed into spectral coeflicients
as x(1) and as y(3) respectively, the prediction error 1is
represented as follows:

J<m
Elk) = Z (V) —axtk, D) (K_MIN <k < K MAX)

J=0

|Expression 1]

In this expression, x(k, j) 1s a signal extracted from the
position to which a shift 1s made by “k” samples with x(3) as
the reference point 305, while “a” 1s gain, and “m” 1s the
number of spectral coetlicients included in the low 1re-
quency signal x(k, ) and the high frequency signal y(3). The
number of spectral coeflicients “m™, which specifies the
range of the high frequency signal y(j) to be encoded, may
be arbitrarily decided. Meanwhile, the position of the ref-
erence point 305 and the maximum (kK MAX) and the
mimmum (K_MIN) shift numbers “k™ may also be decided
arbitrarily. By changing “k” within the decided range of shiit
numbers, measuring the prediction error E(k) and selecting
the minimum number, the low frequency signal x(k, 1) with
the highest degree of similarity, the shift number “k”, and the

10

15

20

25

30

35

40

45

50

55

60

65

10

gain “a” can be determined for the high frequency signal y(3)
to be encoded. Since x(k, j) becomes unique with the
determination of the shift number “k™, the prediction error
E(k), the shift number “k™ and the gain “a” can be used as
the similarity information 211. The switching of the first ~
the “n”th higher frequency band encoding units 1s made
using the prediction error E(k) as a measurement scale.
When the prediction error E(k) 1s smaller than the predefined
threshold, such switching imformation 210 1s outputted as
selects a higher frequency band encoding unit used when the
degree of similarity 1s high, and when the prediction error
E(k) 1s bigger than the predefined threshold, such switching
information 210 1s outputted as selects a higher frequency
band encoding unit used when the degree of similarity 1s
low.

Note that although the prediction error of spectral coet-
ficients 1s employed as a method of similarity judgment 1n
the similarity judging unit 203 1n the above explanation, the
prediction error of time signals can be also used for a signal
for which band division 1s performed by means of filter
bank, for example. Furthermore, although the above expla-
nation describes a higher frequency band encoding umit
which performs encoding by the use of noise and a higher
frequency band encoding unit which uses similarity between
the low frequency signal 208 and the high frequency signal
209, 1t 1s also possible to use a higher frequency band
encoding unit which performs encoding by using both
similarity and noise when similarity 1s 1n a moderate degree,
for example. Note that when an input signal 1s a signal made
up of a plurality of channels such as a stereo signal, 1t can
be configured 1n a manner 1 which encoding 1s performed
by the use of joint stereo encoding 1n addition to a method
to encode the high frequency signal 209 specifically for each
channel.

As explained above, by dividing the mput signal 207 into
the high frequency signal 209 and the low frequency signal
208 to encode the high frequency signal 209 by the use of
similarity between such high frequency signal 209 and low
frequency signal 208, it becomes possible to acquire a
high-quality reproduction signal from a code represented by
a smaller number of bits.

FIG. 4 1s a block diagram showing the configuration of a
decoding device 400 according to the first embodiment. The
decoding device 400, which 1s a decoding device for decod-
ing the output code 214 encoded 1n the encoding device 200
illustrated 1n FIG. 2 and for reproducing an audio signal,
includes a code dividing unit 401, a lower frequency band
decoding unit 402, a switching unit 403, a higher frequency
band decoding unit 404 and a signal combining umt 405.

If FIG. 4, an mput code 406 1s equivalent to the output
code 214 1n the encoding device 200 in FIG. 2. The code
dividing unit 401 divides the input code 406 mto a low
frequency code 407, a high frequency code 408 and switch-
ing information 409. The lower frequency band decoding
unmt 402 decodes the low frequency code 407 and output a
low frequency signal 410. Any one of known decoding units
may be used as the lower frequency band decoding unit 402
as long as such decoding unit has the decoding functionality.
The higher frequency band decoding unit 404 1s comprised
of “n” higher frequency band decoding units made up of the
first ~ the “n”th (*n” 1s a natural number) higher frequency
band decoding units, each configured to decode a high
frequency code 1n accordance with a predefined method. The
switching unit 403 selects a higher frequency band decoding
unit specified by switching information 409 and the selected
higher frequency band decoding unmit decodes the high
frequency code 408 referring to the low frequency signal
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410 to output a high frequency signal 411. The signal
combining unit 405 combines the low frequency signal 410

and the high frequency signal 411 to generate an output
signal 412.

If the above-explained higher frequency band encoding
unit 205 of the encoding device 200 1s configured with a
higher frequency band encoding unit to perform encoding by
the use of noise and a higher frequency band encoding unit
to encode the diflerential signal determined as a result of
deducting a low frequency signal from a high frequency
signal by the use of such low frequency signal judged to
have a high degree of similarity, the decoding device 400
also needs to be equipped with the higher frequency band
decoding umt 404 corresponding to such higher frequency
band encoding umt 205 of the encoding device 200. The
following 1s an explanation for an example configuration of
the higher frequency band decoding unit 404 and the opera-
tion thereof. For explanation purposes, FIG. 4 describes a
decoding unit to decode a code encoded by the use of noise
as the first higher frequency band decoding unit and a
decoding unit to decode a code encoded as the differential
signal between a low frequency signal and a high frequency
signal as the second higher frequency band decoding umit. If
switching information 409 indicates that the high frequency
code 408 15 to be mputted to the first higher frequency band
decoding unit, a high frequency signal to be decoded 1is
represented as a random noise signal. Therefore, the high
frequency code 408 includes only gain information which
indicates the signal strength. Accordingly, the first higher
frequency band decoding unit decodes the gain information
included 1n the high frequency code 408, generates a random
noise signal 1nside, and generates the high frequency signal

411 by multiplying gain described in the gain information by
such generated noise signal.

In contrast, when switching information 409 indicates that
the high frequency code 408 i1s to be 1mnputted to the second
higher frequency band decoding unit, the high frequency
code 408 includes, for example, similarity information such
as the shift number, the gain and the differential signal used
to specily in the low frequency signal 208 the part having a
high degree of similarity with the high frequency signal 209
in a decoded form. Meanwhile, a high frequency signal is
represented by the sum of a low frequency signal extracted
from the low frequency signal 410 acquired 1n the lower
frequency band decoding unit 402 and the differential signal
acquired 1n the second higher frequency band decoding unait.
Therefore, the second higher frequency band decoding unit
decodes the high frequency code 408 first, extracts the low
frequency signal 208 similar to the high frequency signal
209 from the low frequency signal 410 according to the
similarity information included 1n such high frequency code
408, and after multiplying with 1t the decoded gain, outputs
the high frequency signal 411 by adding the decoded dii-
terential signal. The resulting low frequency signal 410 and
high frequency signal 411 are then combined 1n the signal
combining unit 405 to be outputted as an output signal 412.

As explained above, since the use of a high frequency
code encoded 1n a more eflicient manner 1s realized by
decoding a high frequency signal by the use of similarity
between such high frequency signal and a low frequency
signal out of an mputted code which 1s encoded by having
been divided into the high frequency signal and the low
frequency signal, it 1s possible to obtain a high-quality
reproduction signal from a code represented by a smaller
number of bits.
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The Second Embodiment

The configuration of an encoding device according to the
second embodiment of the present invention 1s explained
with reference to FI1G. 5, which 1s a block diagram showing
the configuration of an encoding device 500 according to the
second embodiment.

The encoding device 500 illustrated in FIG. 5, which
newly includes a lower frequency band decoding unit 501 in
addition to the configuration of the encoding device 200
illustrated 1n FIG. 2 according to the first embodiment, 1s
configured to decode the low frequency code 213 encoded 1n
the lower frequency band encoding unit 202 to generate a
low frequency decoded signal 510, and to mput such low
frequency decoded signal 510 to a similarity judging unit
503 mstead of the low frequency signal 208. Such encoding
device 500 1s comprised of the band dividing unit 201, the
lower frequency band encoding umt 202, the lower fre-
quency band decoding unit 501, the similarity judging unit
503, the switching unit 204, the higher frequency band
encoding unit 203, and the code multiplexing unit 206. Note
that since an explanation 1s already provided for the same
components as those included 1n the encoding device 200
illustrated in FIG. 2, 1n FIG. § and the subsequent diagrams,
an explanation for such components 1s omitted by providing
them with the same numbers as used in FIG. 2. In the
encoding device 500 with the above-mentioned configura-
tion, since the similarity judging unit 203 makes a judgment
on similarity with the high frequency signal 209 by the use
of the low frequency decoded signal 510 decoded by the
lower frequency band decoding umt 501 after encoded by
the lower frequency band encoding unit 202 once, the effect
of achieving a high frequency signal closer to the original
sound 1s produced as compared to the case where a decoding
device decodes the output code 214 from the encoding
device 200 for which similarity with the high frequency
signal 209 1s judged by the use of the low frequency signal
208 of the original sound.

To be more specific, as presented 1n an example of the
decoding device 400 illustrated in FIG. 4, the decoding
device decodes the high frequency signal by the use of the
low frequency signal acquired by decoding the once-en-
coded low frequency code rather than the low frequency
signal of the original sound. This indicates that 1n order to
encode a high frequency signal more correctly, encoding of
such high frequency signal needs to be performed on the
basis of similarity between a low frequency signal which 1s
decoded after encoded once and such high frequency signal
to be encoded. Therefore, 1n the encoding device 500,
similarity information 511 calculated by the similarity judg-
ing unit 303 indicates similarity between the high frequency
signal 209 and the low {frequency decoded signal 310.
Accordingly, since the higher frequency band encoding unit
205 encodes the high frequency signal 209 1n accordance
with such similarity information 511 and switching infor-
mation 513, it 1s possible to output a high frequency code
512 with which a high frequency signal can be encoded
more correctly in a decoding device. As a result, in the
encoding device 500, an output code 3514 1s outputted 1n
which the switching information 513, the high frequency
code 512 and the low frequency code 213 acquired in the
above-mentioned manner are multiplexed, which conse-
quently results in the improvement in the quality of a
decoded signal 1n a decoding device.

Note that since the only difference between the encoding
device 200 of the first embodiment and the encoding device
500 of the second embodiment 1s the low frequency signal
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used to calculate similarity, meaning that the configurations
of the higher frequency band encoding unit and the lower
frequency band encoding unit as well as the high frequency
signal and the low frequency signal to be encoded are all the
same, the configuration of a decoding device used 1n a pair
with the encoding device 500 of the second embodiment
may be the same as the configuration of the decoding device

400 of the first embodiment illustrated in FIG. 4.

The Third Embodiment

The configuration of an encoding device according to the
third embodiment of the present invention 1s explained with
retference to FIG. 6, which 1s a block diagram showing the
configuration of an encoding device 600 according to the
third embodiment.

The encoding device 600 illustrated 1n FIG. 6, which has
a down-sampling unit 601 1n addition to the configuration of
the encoding device 200 of the first embodiment shown in
FIG. 2, 1s configured to have a low frequency signal 616
down-sampled by the down-sampling unit 601 be inputted to
the lower frequency band encoding unit 202 instead of the
low frequency signal 208 of the original sound for which
band division 1s performed so as to output a low frequency
code 613 generated as a result of such encoding. Generally,
the low frequency signal 208 and the high frequency signal
209 band-divided by the band dividing umt 201 are signals
with the same sampling frequency as the input signal 207.
For example, assuming that the sampling frequency of the
iput signal 207 1s 48 kHz and the boundary frequency
divided by the band dividing unit 201 1s 8 kHz, for example,
since the input signal 207 includes a signal at 0~24 kHz
according to the sampling theorem, the bandwidth of a
signal included 1n the low frequency signal 208 and the high
frequency signal 209 1s 0~8 kHz and 8~24 kHz respectively.
However, the sampling frequency of the low frequency
signal 208 and the high frequency signal 209 remains
unchanged at 48 kHz. While it 1s possible to encode such
low frequency signal 208 as 1t 1s 1n the lower frequency band
encoding unit 202, the fact 1s that a known encoding unit to
be used as the lower frequency band encoding unit 202 1s
generally configured to operate most efliciently when the
signal bandwidth included the input signal 207 i1s at the
maximum {requency (=sampling frequency/2) which 1s
determined according to the sampling frequency of an 1input
signal. Therefore, by having the lower frequency band
encoding unit 202, which 1s configured on the premise of
including a signal up to at 24 kHz with a sampling frequency
of 48 kHz, input the low frequency signal 208 that includes
only up to 8 kHz, or one third of the assumed frequency, so
as to perform encoding, there arises a problem that efliciency
of the lower frequency band encoding unit 1s reduced.

In order to solve such problem, down-sampling 1s
required for the sampling frequency of the low frequency
signal 208 to be inputted to the lower frequency band
encoding umt 202 1n accordance with the frequency band-
width of a signal included 1n the low frequency signal 208
so that the efliciency of the lower frequency band encoding
unit 202 can be increased. More specifically, when the low
frequency signal 208 to be inputted to the down-sampling
unit 601 1s a time signal, the down-sampling unit 601 thins
out sampled data so that a desired sampling frequency can
be acquired, and when the low frequency signal 208 to be
iputted 1s Irequency-transformed spectral data, the data
length of the low frequency signal 208 1s notified to the
lower frequency band encoding umt 202. In this example,
since the frequency bandwidth of a signal included 1n the
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low frequency signal 208 1s 0~8 kHz, a sampling frequency
required to represent the low frequency signal 208 1s 16
KHz. By having the lower frequency band encoding unit 202
input the low frequency signal 616 down-sampled to 16
kHz, 1t becomes possible for the lower frequency band
encoding unit 202 to encode the inputted low Irequency
signal 208 1n the most eflicient manner, and therefore the
ellect of acquiring an output code 614 represented by a small

number of bits can be achieved while improving the quality
of the decoded signal at the same time.

Next, an explanation 1s provided for a decoding device
700 according to the third embodiment with reference to
FIG. 7, which 1s a block diagram showing the configuration
of the decoding device 700 to decode the output code 614
encoded by the encoding device 600 illustrated 1n FIG. 6.
Such decoding device 700 shown in FIG. 7, which newly
includes an up-sampling unit 701 1n addition to the configu-
ration of the decoding device 400 illustrated in FIG. 4
according to the first embodiment, 1s configured to have the
up-sampling unit 701 up-sample a low frequency signal 710
decoded by the lower frequency band decoding unit 402, and
to have such up-sampled low frequency signal 410 be
inputted to the higher frequency band decoding unit 404 and
the signal combining unit 405. Such decoding device 700 1s
comprised of the code dividing unit 401, the lower fre-
quency band decoding unit 402, the up-sampling unit 701,
the switching unit 403, the higher frequency band decoding
umt 404, and the signal combining unit 405. Note that since
an explanation 1s already provided for the same components
as those included in the decoding device 400 illustrated 1n
FIG. 4, an explanation for such components 1s omitted by
providing them with the same numbers as used i FIG. 4.

In FIG. 7, an 1mnput code 706 1s equivalent to the output
code 614 1n the encoding device 600 in FIG. 6. In the
decoding device 700, since a low frequency code 707
outputted from the code dividing unit 401 1s the encoded low
frequency signal 616 which 1s down-sampled on the part of
the encoding device 600, the sampling frequency of a low
frequency signal 710 decoded in the lower frequency band
decoding unit 402 equals to the sampling frequency of the
low frequency signal 616 (e.g. 16 kHz) used on the part of
the encoding device 600. On the other hand, the high
frequency code 408 1s the encoded high frequency signal
209 which 1s not down-sampled and therefore the sampling
frequency of the high frequency signal 408 to be decoded
equals to the sampling frequency of the input signal 207 (e.g.
48 kHz) mputted to the encoding device 600. Therefore, 1n
order to decode the high frequency signal by the use of the
decoded low frequency signal 710, the decoding device 700
1s configured to have the low frequency signal 710 be
inputted to the higher frequency band decoding unit 404
alter such low frequency signal 710 1s up-sampled to be the
same sampling frequency of the high frequency signal to be
decoded (=the sampling frequency of an output signal e.g.
48 kHz). Similarly, the signal combining unit 405 performs
processing for combining signals by the use of the decoded
high frequency signal 411 and the up-sampled low 1re-
quency signal 410 to generate the output signal 412.

As explamned above, by up-sampling the decoded low
frequency signal 710 out of the mput code 706 which is
encoded by having been divided into the high frequency
code 408 and the down-sampled low frequency code 707 so
as to decode the high frequency signal 411 using similarity
between such high frequency signal 411 and the up-sampled
low frequency signal 410, it becomes possible to acquire a
high-quality reproduction signal from a code represented by
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a smaller number of bits by the use of a low frequency code
encoded 1n a more eflicient manner.

The Fourth Embodiment

The configuration of an encoding device 800 according to
the fourth embodiment of the present invention 1s explained
with reference to FI1G. 8, which 1s a block diagram showing
the configuration of parts that generate a high frequency
code 817 and switching information 816 in the encoding
device 800 according to the fourth embodiment. Parts of a
similarity judging unit 818 and a higher frequency band
encoding unit 819 enclosed in dashed lines 1n FIG. 8, which
correspond to the similarity judging unit 203 and the simi-
larity judging unit 503 to judge similarity between the low
frequency signal 208 and the high frequency signal 209 as
well as to the higher frequency band encoding unit 205 to
encode the high frequency signal 209 according to a result
of judgment made by such similarity judging units in the
encoding device 200 and the encoding device 500 according
to the first to the third embodiments of the present invention,
represent more preferable forms of a similarity judging unit
and a higher frequency band encoding unit. Such encoding
device 800 includes a time-frequency transforming unit 801,
a band dividing unit 802, a noise characteristics judging unit
803, a prediction error calculating unit 804, a switch deter-
mimng unit 805, a switching umt 806, a first higher fre-
quency band encoding unit 807, and a second higher fre-
quency band encoding unit 808 as units to encode the high
frequency signal 209.

In FIG. 8, the high frequency signal 209 and the low
frequency signal 208, which are generated as a result of the
division of the mput signal into the higher frequency band
and the lower frequency band performed 1n advance by the
band dividing unit 201 not illustrated in the diagram, for
example, are inputted to the time-frequency transforming
unit 801. As the low frequency signal 208, either a low
frequency signal which 1s divided directly from an 1nput
signal or a low frequency decoded signal which 1s decoded
alter encoded once by the lower frequency band encoding
unit not illustrated in the diagram can be used. The time-
frequency transforming unit 801 transforms the nputted
high frequency signal 209 and low frequency signal 208 1nto
spectral coetlicients to output such signals as high frequency
coellicients 811 and low frequency coetlicients 812 respec-
tively. Any one of known transforms such as Fourier trans-
form, cosine transform, and filter bank may be adopted as a
time-frequency transform used in the time-frequency trans-
forming unit 801, but an example 1s provided here for the
case where MDCT used 1in the AAC 15 employed.

The band dividing unit 802 divides the high frequency
coellicients 811, which are MDCT coeflicients determined
as a result of transformmg the high frequency signal 209,
turther 1into a plurality of bands (to be referred to as high
frequency encoding sub-band(s) hereinafter), and the band-
divided high frequency coethlicients 813 are outputted to the
noise characteristics judging unit 803, the prediction error
calculating umit 804 and the switching unit 806. Note that
processing for each high frequency encoding sub-band
divided by the band dividing unit 802 1s all the same and
therefore that an explanation 1s provided only for processing,
for a certain high frequency encoding sub-band here. Encod-
ing for the high frequency coeflicients can be completed by
just repeating the below-described processing for each high
frequency encoding sub-band.

The noise characteristics judging unit 803 makes a judg-
ment on noise characteristics of the high frequency coetli-
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cients 813 to output a noise characteristics judgment value
814. The reason of judging noise characteristics here 1s that,
if the high frequency coeflicients 813 to be encoded 15 a
signal having noise characteristics, since i1t can be assumed
in advance that similarity between such high frequency
coellicients 813 and the low frequency coefllicients 812 1s
low and therefore that the prediction error i1s big, the
subsequent processing related to prediction error calculation
can be omitted. Values of MDCT coellicients indicating that

a signal has noise characteristics show an almost uniform
dlstrlbutlon pattern. Theretfore, when checking a plurality of
MDCT coetlicients included 1n a certain band, while many
values are centered close to a certain value (e.g. the mean
value) 11 a signal 1s a (stationary) noise, there are relatively
many values centered even in parts greatly distant from the
mean value 1f a signal does not have noise characteristics. In
order to judge noise characteristics of the band-divided high
frequency coetlicients 813 by utilizing such characteristics
ol a noise, the noise characteristics judging unit 803 evalu-
ates the size distribution of MDC'T coellicients in each high
frequency encoding sub-band, for example, to judge that a
signal 1s of non-noise characteristics 1f the distribution width
1s larger than a predetermined threshold and that a signal has
noise characteristics 1f the distribution width 1s smaller than
a predetermined threshold. As a scale to evaluate the distri-
bution of MDCT coetlicients, any statistical evaluation value
may be used which includes the difference between the
minimum value and the maximum value, the diflerence
between the mean value and the maximum value, dispersion
and the standard deviation of MDC'T coeflicients 1n a high
frequency encoding sub-band.

As a result of the judgment, the noise characteristics
judging unit 803 outputs the noise characteristics judgment
value 814 indicating noise characteristics/non-noise charac-
teristics of the high frequency coeflicients 813 to the pre-
diction error calculating unit 804 and the switch determining
unit 805. The noise characteristics judgment value 814 1s
expressed as “0”, for example, when the high frequency
coeflicients 813 have noise characteristics, and as “1”, for
example, when the high frequency coeflicients 813 do not
have noise characteristics. Note that other values can be used
as the noise characteristics judgment value 814. When
notified through the noise characteristics judgment value
814 that the high frequency coeflicients 813 are a signal of
non-noise characteristics as a result of the judgment made by
the noise judging unit 703, the prediction error calculating
unit 804 calculates and evaluates the prediction error so as
to judge similarity between the high frequency coeflicients
813 and the low frequency coetlicients 812. The prediction
error can be calculated by following the method disclosed 1n
the first embodiment. Therefore, the prediction error E(k)
can be calculated by using Expression 1 by replacing x(1)
with the low frequency coeftlicients 812, y(j) with the high
frequency coetlicients 813 included 1n a high frequency
encoding sub-band, and “m” with the number of MDCT
coellicients included 1n the high frequency encoding sub-
band. In Expression 1, by changing the shift number “k”
within the predetermined values of the minimum wvalue
K_MIN and the maximum value K_MAX, low Irequency
coellicients x(k,1), the shift number “k™, and gain “a” which
minimize the prediction error E(k) can be determined as
similarity information 815.

The switch determining unit 805 determines a higher
frequency band encoding unit to be used for encoding the
band-divided high frequency coeflicients 813 according to
the noise characteristics judgment value 814 and the simi-
larity information 815, and outputs switching information
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816 to switch between the first higher frequency band
encoding umt 807 and the second higher frequency band
encoding unit 808 at the switching umt 806. The first higher
frequency band encoding unmit 807 1s an encoding unit
configured to best encode high frequency coeflicients 813
with a low degree of similarity and the second higher
frequency band encoding unit 808 to best encode high
frequency coethicients 813 with a high degree of similarity.
The switching unit 806 selects the first higher frequency
band encoding unit 807 when (1) the noise characteristics
judgment value 814 indicates that a signal has noise char-
acteristics and (2) the noise characteristics judgment value
814 indicates that a signal does not have noise characteris-
tics and similanity 1s low, and selects the second higher
frequency band encoding unit 808 when the noise charac-
teristics judgment value 814 1ndicates that a signal has noise
characteristics and similarity 1s high.

Next, an explanation 1s provided for the operation of a
higher frequency band encoding unit 819 with reference to
the figures. FIG. 9A 1s a diagram showing the encoding
method of the first higher frequency band encoding unit 807
and FIG. 9B illustrates the encoding method of the second
higher frequency band encoding unit 808. Of a low 1re-
quency encoding band 902 and a high frequency encoding
band 903 divided at an encoding boundary frequency 905,
the high frequency coeflicients 813 to be inputted to the first
higher frequency band encoding unit 807 are MDCT coel-
ficients (spectral coeflicients) 901 included in the range of
the high frequency encoding band 903. Such high frequency
encoding band 903 1s further divided into more than one
high frequency encoding sub-band 904. Since the spectral
coellicients 901 to be mnputted to the first higher frequency
band encoding unit 807 are coellicients, noise characteristics
or similarity of which with MDCT coeflicients 1n the range
of the low frequency encoding band 902 1s low, the first
higher frequency band encoding unit 807 performs encoding,
by regarding coeflicients 1n the high frequency encoding
sub-band 904 as a random noise, without using the similarity
information 815. In other words, such coeflicients 1n the high
frequency encoding sub-band 904 are expressed as a random
sequence represented by an average amplitude 906, and only
such average amplitude 906 (amplitude information) 1s
encoded. Note that the average energy, the average power
and other may be used other than the average amplitude as
a representative value of such random sequence.

Similarly, of a low frequency encoding band 908 and a
high frequency encoding band 909 divided at an encoding
boundary frequency 911, the high frequency coethicients 813
to be inputted to the second higher frequency band encoding
unit 808 are MDCT coeflicients (spectral coetlicients) 907
included in the range of the high frequency encoding band
909. Such high frequency encoding band 909 is further
divided into more than one high frequency encoding sub-
band 910. The spectral coeflicients 907 to be inputted to the
second higher frequency band encoding unit 808 are coel-
ficients, similarity of which with spectral coeflicients 1n the
range of the low frequency encoding band 908 1s high, the
second higher frequency band encoding unit 808 performs
encoding by the use of the similanty information 815.
Assuming that one of the high frequency encoding sub-
bands 810 1s a high frequency section A 915, the above-
explained prediction error calculating unit 804 selects a low
frequency section B 914 which has the same number of
spectral coeflicients as the high frequency section A 915 and
which therefore has the highest degree of similarity, out of
coellicients 1n the low frequency encoding band 908, and
then the similarity information 815 1s outputted.
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Of the stmilarity information 815, shift number 913 “k™ 1s
a distance from the encoding boundary frequency 911 to the
lower limit frequency of the low frequency section B 914,
with the encoding boundary frequency 911 set as the refer-
ence point. Gain “a” 1s the amplitude ratio between spectral
coellicients 907 1in the high frequency section A 915 and
spectral coethicients 907 1n the low frequency section B 914.
In the second higher frequency band encoding unit 808, the
shift number 913 “k”, the gain “a”, and per-sample di:Ter-
ential signals of the spectral coellicients between the high
frequency section A 915 and the low frequency section B
914 are encoded as the acquired similarity information 815.
Note that encoding of differential signals between the high
frequency section A 915 and the low frequency section B
914 may be omitted, 1n which case only the shift number 913
“k” and the gain “a” are encoded. Alternatively, 1t 1s possible
to use noise components to represent differential signals
between the high frequency section A 915 and the low
frequency section B 914, in which case gain information of
noise components 1s encoded in addition to the shiit number
“k” and the gain “a”. With regard to a method to represent
the gain “a” to be encoded, 1n addition to a method with

which the gain “a” 1

1S represented as @ the amplitude ratio
between spectral coellicients 907 1n the hlgh frequency
section A 915 and spectral coetlicients 907 1n the low
frequency section B 914, the gain “a” can be also repre-
sented as (2) an average amplitude 912 of each high
frequency encoding sub-band 910, or (3) an average energy
in each high frequency encoding sub-band 910 and (4) an
average power 1n each high frequency encoding sub-band
910 or the like, just like the amplitude information 1n the first
higher frequency band encoding unit 807. Codes which are
the differential signals encoded on a per high frequency
encoding sub-band 910 basis are multiplexed with such
information as the shift number “k and the gain “a” to be
outputted as the high frequency code 817.

Note that 1t 1s also possible to reduce the number of bits
of the high frequency code 817 by compressing codes by the
use of a mathematical technique at the multiplexing stage.
The following includes exemplary methods: a method for
re-encoding differential information between codes; a
method for re-encoding a multiple number of codes as
vector 1nformation; a method for replacing codes with
variable length cedes such as Huflman codes.

Moreover, 1n determining spectral coetlicients 907 of a
hlgh frequeney encoding sub-band 910, altheugh band divi-
sion 1s performed on the MDCT coeflicients 811 after
transforming the high frequency signal 209 mto MDCT
coellicients, 1t 1s also possible to divide the high frequency
signal 209 into high frequency encoding sub-bands 810
through filter bank or the like and then determines MDCT
coellicients 1n a high frequency encoding sub-band 910 by
performing MDCT for a signal in each sub-band.

Furthermore, since the shift number 913 “k™ to be
encoded 1s information used to i1dentity the low frequency
section B 914, it does not have to be a value to indicate the
number of samples in the frequency domain and therefore,
by setting 1n advance more than one low frequency section
with the same frequency width as a high frequency encoding
sub-bands 912 in the low frequency encoding band 908, 1t 1s
possible to express the shift number “k” by identification
information indicating which low frequency section 1is
selected from among them.

Moreover, although the band dividing umt 802 1s placed
after the time-frequency transforming unit 801, the present
invention 1s not restricted to such placement and therefore 1t
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1s also possible that the band dividing unit 802 1s placed
before the time-frequency transforming unit 801.

As explained above, by dividing MDCT coeflicients 1n the
higher frequency band into a plurality of high frequency
encoding sub-bands, judging noise characteristics of MDCT
coellicients in the higher frequency band as well as similar-
ity between MDCT coetlicients in the higher frequency band
and MDC'T coetlicients in the lower frequency band on a
per-high frequency encoding sub-band basis, and perform-
ing encoding through a higher frequency band encoding unit
indicated as optimal by such judgment, 1t 1s possible to
acquire a high-quality reproduction signal from a code
represented by a smaller number of bits.

Next, an explanation 1s provided for the configuration of
a decoding device according to the fourth embodiment of the
present invention with reference to FIG. 10, which 1s a block
diagram showing the configuration of the part (a higher
frequency band decoding device 1000) which decodes the
high frequency code 817 in a decoding device used 1n a pair
with the encoding device 800 illustrated in FIG. 8. Such
higher frequency band decoding part (the higher frequency
band decoding device 1000) illustrated 1n FIG. 10 represents
a more preferable form as the part to decode a high fre-
quency code 1n the decoding device 400 and the decoding
device 700 according to the first to the third embodiments of
the present invention. The higher frequency band decoding
device 1000 1s comprised of a time-frequency transforming
unit 1001, a first higher frequency band decoding unit 1003,
a second higher frequency band decoding unit 1004, a
spectrum combining unit 1003, and a frequency-time trans-
forming unit 1006. The following provides an explanation
for the case where MDCT coellicients are employed as
spectral coeflicients in the higher frequency band decoding
device 1000 as 1n the case of the above-mentioned encoding
device 800. In FIG. 10, information to be mputted to the
higher frequency band decoding device 1000 1s a high
frequency code 1007, switching information 1008, and a low
frequency decoded signal 1009. The high frequency code
1007 1s the high frequency code 817, for example, outputted
from the first higher frequency band encoding unit 807 or the
second higher frequency band encoding unit 808 of the
encoding device 800 shown 1n FIG. 8. The switching infor-
mation 1008 1s the switching information 816, for example,
outputted from the switch determining umit 805 of the
encoding device 800. Furthermore, the low Irequency
decoded signal 1009 1s the low frequency signal 410, for
example, outputted from the lower frequency band decoding
unit 402 of the decoding device 400 illustrated in FIG. 4.

The time-frequency transforming unit 1001 performs
MDCT for the inputted low frequency decoded signal 1009
and outputs low frequency coetlicients 1010 represented as
MDCT coeflicients. The first higher frequency band decod-
ing umt 1003 1s a decoding unit to decode high frequency
code 1007 encoded by the use of noise, while the second
higher frequency band decoding unit 1004 1s a decoding unit
to decode high frequency code 1007 encoded by the use of
similarity between the low frequency coeflicients 812 and
the high frequency coeflicients 813. Since the high fre-
quency coellicients 813 are encoded having been divided
into predetermmed high frequency encoding sub-bands 1n
advance 1n the encoding device 800, decoding processing
which supports such encoding i1s performed on the basis of
codes corresponding to each high frequency encoding sub-
band. In other words, codes included 1n the high frequency
code 1007 are divided into codes of each high frequency
encoding sub-band so as to perform decoding for such
divided codes on a per-high frequency encoding sub-band
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basis. If codes corresponding to each high frequency encod-
ing sub-band are compressed by means of a mathematical
method on the part of the encoding device 800, decoding by
the use of a mathematical method 1s also performed.

When the switching information 1008 indicates that the
high frequency code 1007 1s to be inputted to the first hlgher
frequency band decoding unit 1003, lhigh frequency coetl-
cients 1011 acquired as a result of decodmg are expressed as
a random noise. Therefore, only gain information indicating
the signal strength 1s included in the high frequency code
1007. Accordingly, the first higher frequency band decoding
unit 1003 generates a random noise signal mside and gen-
erates the band-divided high frequency coeltlicients 1011 by
multiplying gain indicated by the decoded gain information
with such generated noise signal.

In contrast, when the switching information 1008 indi-
cates that the high frequency code 1007 1s to be mputted to
the second higher - requency band decoding unit 1004, the
high frequency coeltlicients 1011 to be acquired as a result of
decoding are expressed as the sum of low frequency coel-
ficients within a specified low frequency section extracted
from the low frequency coeflicients 1010 according to a shait
number and a differential extracted from the high frequency
code 1007. Therefore, the high frequency code 1007
includes shift number “k™ to indicate the position from
which the low frequency coeflicients are extracted, gain “a”
which indicates, for example, an average amplitude of the
high frequency coetlicients, and information indicating the
differential between the high frequency coeflicients within a
high frequency encoding sub-band and the low frequency
coellicients within the low frequency section with the high-
est degree of similarity. The high frequency coelflicients are
encoded as MDCT coeflicients, which are a kind of spectral
coellicients, and therefore the low frequency decoded signal
1009 1nputted in order to decode the high frequency coel-
ficients also needs to be expressed as MDCT coetlicients.
Since the low frequency decoded signal 1009 1s generally
provided as a time signal, 1t 1s transformed nto MDCT
coellicients by the time-frequency transforming unit 1001 to
be mputted to the second higher frequency band decoding
unmt 1004 as the low frequency coetlicients 1010. I1 the low
frequency decoded signal 1009 1s provided as MDCT coet-
ficients, such low frequency decoded signal 1009 can be
regarded as the low frequency coellicients 1010 and there-
fore the time-frequency transforming unit 1001 can be
omitted.

The second higher frequency band decoding unit 1004
extracts a predetermined number of MDCT coeflicients from
the position to which a shiit 1s made only by the shift number
“k” from a predetermined reference point in the low fre-
quency coellicients 1010. Then the second higher frequency
band decoding unit 1004 generates MDC'T coeflicients rep-
resenting high frequency coetlicients 1011 by multiplying
the extracted low frequency MDCT coeflicients with the
gain “a” and adding to 1t spectral coellicients indicating the
differential. Note that 1f spectral coeflicients indicating the
differential are omitted, the result of multiplying the
extracted MDCT coeflicients with the gain “a” serves as
MDCT coethicients representing the high frequency coetl-
cients 1011. The high frequency coeflicients 1011 which are
decode by the first higher frequency band decoding unit
1003 or the second higher frequency band decoding unit
1004 and which are band-divided into the frequency band-
width of high frequency encoding sub-bands, are combined
together by the spectrum combining unit 1005 to be output-
ted as high frequency coeflicients 1012 samples which are
placed 1n increasing frequency order in the high frequency
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encoding band. Then, the frequency-time transforming unit
1006 transforms the high frequency coethicients 1012 into a
time signal and generates a high frequency signal 1013.

Note that 1f the shift number “k™ 1s not information
indicating the number of samples 1n the frequency domain
but idenftification information indicating a predetermined
specific low frequency section, MDCT coetlicients 1n such
predetermined specific low frequency section may be
extracted according to the identification information.

As explained above, out of an input signal which 1s
encoded having been divided into a high frequency signal
and a low frequency signal, by decoding the high frequency
signal by the use of similarity between such high frequency
signal and low frequency sugnal the use of a high frequency
code encoded 1n a more eflicient manner 1s realized, making
it possible to acquire a high-quality reproduction signal from
a code represented by a smaller number of baits.

The Fifth Embodiment

The configuration of an encoding device according to the
fifth embodiment of the present invention 1s explained with
reference to FIG. 11, which 1s a block diagram showing the
configuration of an eneedmg device 1100 according to the
fifth embodiment. The encoding device 1100 shown in FIG.
11, which includes the similarity judging unit 818 and the
higher frequency band encoding unit 819 of the encoding
device 800 illustrated in FIG. 8, performs encoding for the
lower frequency band by the use of low frequency spectral
coellicients for which time-frequency transform 1s per-
formed 1n advance. While any one of known spectral coet-
ficients may be used including Fourier transform coeflicients
and cosine transform coetlicients as spectral coeflicients
encoded by the lower frequency band encoding unit, here,
the lower frequency band encoding unit performs encoding
pursuant to the AAC system and MDCT coellicients are
employed as spectral coeflicients. In FIG. 11, the encoding
unit 1100 1s comprised of a time-frequency transforming
unit 1101, a band dividing unit 1102, the similarity judging
unit 818 (the noise characteristics judging unit 803, the
prediction error calculating unit 804 and the switch deter-
mimng unit 8035), the higher frequency band encoding unit
819 (the first higher frequency band encoding unit 807 and
the second higher frequency band encoding unit 808), a
lower frequency band encoding unit 1109, and a code
multiplexing unit 1110. The time-frequency transiforming,
unit 1101 collectively performs MDC'T for the input signal
207 which includes the low frequency signal and the high
frequency signal to output MDCT coeflicients 1112. Since
the lower frequency band encoding unit 1109, the first higher
frequency band encoding unit 807 and the second higher
frequency band encoding unit 808 are all encoding units that
encode MDCT coethlicients, with the time-frequency trans-
forming unit 1101 collectively transtorming the input signal
207 mto the MDCT coeflicients 1112, required MDCT
coellicients can be determined by one transform. This results
in the reduction 1n the amount of processing concerning
calculations of MDC'T coeflicients as compared to the case
where MDCT 1s performed 1n a lower frequency band
encoding unit and a higher frequency band encoding unit
separately.

The band dividing unit 1102 divides the MDCT coelli-
cients 1112 into low frequency coethicients 1114 and the high
frequency coeflicients 813. Regarding this, since such band
dividing processing 1s performed on MDCT coetlicients,
processing such as band division filter 1n the band dividing
unit 1102 can be omitted, allowing a reduced amount of
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processing to be performed 1n the band dividing unmit 1102.
Meanwhile, 1t 1s possible for the high frequency coeflicients
813 to be band-divided into high frequency encoding sub-
bands at this stage. As explained above, the band-divided
high frequency coeflicients 813, processing for which 1s
performed by the similarity judging unit 818 and the higher
frequency band encoding unit 819 illustrated 1n FIG. 8, are
outputted as the switching information 816 and the high
frequency code 817. Furthermore, the lower frequency band
encoding unit 1109 encodes low frequency coeflicients 1114
in accordance with the AAC system to output 1t as a low
frequency code 1119. The code multiplexing umt 1110
multiplexes the switching information 816 outputted from
the switch determining unit 805, the high frequency code
817 outputted from the higher frequency band encoding unit
819, and the low frequency code 1119 outputted from the
lower frequency band encoding unit 1109 to generate an
output code 1120.

As described above, with the encoding device 1100 with
the above configuration, 1t 1s possible to encode high fre-
quency coellicients and low frequency coeflicients through
a smaller amount of processing.

Next, an explanation 1s provided for the configuration of
a decoding device according to the fifth embodiment of the
present invention with reference to FIG. 12, which 1s a block
diagram showing the configuration of a decoding device

1200 for decoding an mput code 1208 which 1s the output
code 1120 of the encoding device 1100 illustrated in FIG. 11.

The decoding device 1200 illustrated 1n FIG. 12 has the
higher frequency band decoding unit 1000 1llustrated 1n FIG.
10 and the lower frequency band decoding unit decodes low
frequency spectral coethicients acquired as MDCT coetli-
cients. While any one of known spectral coeflicients may be
used including Fourier transform coethicients and cosine
transiorm coetlicients as spectral coetlicients decoded by the
lower frequency band decoding unit, here, the lower fre-
quency band decoding unit performs decoding in accordance
with the AAC system and MDC'T coelflicients are empleyed
as spectral coeflicients. This decoding device 1200 1s com-
prised of the higher frequency band decoding device 1000
(the first higher frequency band decoding unit 1003 and the
second higher frequency band decoding unit 1004), a code
dividing unit 1201, a lower frequency band decoding unit
1202, a spectrum combining unit 1206 and a frequency-time
transforming unit 1207.

In the decoding device 1200, parts corresponding to the
higher frequency band decoding device 1000 1llustrated in
FIG. 10 are the switchuing umit 1002, the first higher fre-
quency band decoding umt 1003, the second higher fre-
quency band decoding unit 1004, the lower frequency band
decoding unit 1202, the spectrum combining unit 1206 and
the frequency-time transforming unit 1207, but the lower
frequency band decoding unit 1202 1s different from time-
frequency transforming unit 1001 illustrated in FIG. 10 1n
that such lower frequency band deeeding unit 1202 decodes
the low frequency code 1210 which 1s encoded low 1re-
quency MDCT coeflicients. The spectrum combining unit
1206 1s different from the spectrum combining unit 1005
illustrated 1n FIG. 10 in that it combines the low frequerrey
coellicients 1010 not only with the high frequency coetl-
cients 1011 but also with the spectrum-combined high
frequency coeflicients 1011. Moreover, the frequency-time
transforming unit 1207 of the decoding device 1200 1s
different from the frequency-time transforming unit 1006
illustrated 1n FIG. 10 which performs MDCT {for the low
frequency decoded signal 1009 on the time domain 1n that
the frequency-time transtforming umt 1207 performs mverse
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MDCT for the MDCT coeflicients 1214 which are combined
with the low frequency coeflicients 1010 1n addition to the
high frequency coethlicients 1012.

In the decoding device 1200 1illustrated in FIG. 12, the
code dividing umt 1201 extracts the switching information
1008, the high frequency code 1007, and a low frequency
code 1210 from the mput code 1208. Subsequently, the
lower frequency band decoding unit 1202 decodes the
extracted low frequency code 1210 1n accordance with the
AAC system to output the low frequency coethicients 1010.
Both switching information 1008 and the high frequency
code 1007 extracted from the input code 1208 are inputted
to the higher frequency band decoding device 1000 1illus-
trated 1n FIG. 10. In the higher frequency band decoding
device 1000, the first higher frequency band decoding unit
1003 or the second higher frequency band decoding unit
1004 selected according to the switching information 1008
decodes the high frequency code 1007 to output the high
frequency coelflicients 1011. Since such high frequency
coellicients 1011 are decoded here by the use of similarity
with the low {frequency coeftlicients, the low {requency
decoded signal outputted from the lower frequency band
decoding unit needs to be transformed into the same MDCT
coellicients as the high frequency coethicients 1011. In
contrast, since both the high frequency coethicients and the
low frequency coetlicients are transformed into MDCT
coellicients by the encoding device 1100 according to the
present configuration, the low frequency coellicients 1010
are outputted as MDCT coellicients, which therefore
requires no transiform processing for the low frequency
coellicients 1010, resulting 1n a reduced amount of process-
ing.

The spectrum combining unit 1206 combines the low
frequency coellicients 1010 outputted from the lower fre-
quency band decoding unit 1202 with the high frequency
coellicients 1011 outputted from the higher frequency band
decoding device 1000 1n the frequency domain. The fre-
quency-time transforming unit 1207 collectively transforms
MDCT coeflicients 1214 generated as a result of such
combining processing performed by the spectrum combin-
ing unit 1206 into a time signal, which 1s then generated as
an output signal 1215.

As described above, with the encoding device that per-
forms encoding using the high frequency coellicients and the
low frequency coetlicients which are collectively performed
time-frequency transform as well as the decoding device
collectively performing frequency-time transiform for such
resulting codes, 1t 1s possible for the decoding device to
decode the high frequency spectral coeflicients and the low
frequency spectral coellicients through a smaller amount of
processing so as to acquire an output signal.

Note that 1t 1s possible also 1n the encoding device 1100
and the decoding device 1200 with the above configuration
that the encoding device includes a down-sampling unit and
the decoding unit includes an up-sampling unit and that
encoding for the lower frequency band 1s performed at a
lower sampling frequency than the sampling frequency of an
input signal, as presented in the third embodiment. More
importantly, as a down-sampling method, the present con-
figuration allows the low {frequency coellicients 1114
divided by the band dividing unit 1102 of the encoding
device 1100 to be regarded as coetlicients acquired as a
result of transforming a signal at a sampling frequency after
down-sampling 1s performed, so as to perform processing.
For example purposes, an explanation 1s provided for the
case where an input signal at the sampling frequency of 48
kHz 1s down-sampled to half the frequency of 24 kHz.
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Assuming that MDCT coeflicients 2048 samples are
acquired as a result of transforming 2048 samples of the
iput signal, such MDCT coetlicients 2048 samples repre-
sent a signal at 0~24 kHz. When 1024 samples on the lower
frequency side are extracted out of MDCT coeflicients 2048
samples as low frequency coeflicients, such low frequency
coellicients represent a signal at 0~12 kHz. If inverse-
MDCT 1s performed for such low frequency coeflicients
1024 samples, a time signal having 1024 samples 1is
acquired, as a result of which the number of samples of the
time signal 1s reduced to half. This means that such time
signal 1s down-sampled to half the value of the sampling
frequency. Meanwhile, since mverse-MDCT processing 1s
not necessary 1if the lower frequency band encoding unit uses
MDCT coellicients, 1t 1s possible to simplify down-sam-
pling-related processing. Also 1n the case of up-sampling,
processing 1s performed by regarding decoded low fre-
quency coellicients as coeflicients acquired as a result of
transforming a signal at a sampling frequency after up-

sampling 1s performed.

The Sixth Embodiment

FIG. 13 1s a block diagram showing the configuration of
an encoding device 1300 according to the sixth embodiment.
The encoding device 1300 1s an encoding device for per-
forming time-frequency transform by switching a transform
block length of an input signal according to whether such
input signal varies steeply in amplitude 1n an infinitesimal
period of time. Such encoding device 1300 1s comprised of
the band dividing umt 201, the lower frequency band
encoding unit 202, a transform block length selecting unit
1301, a time-frequency transforming unit 1302, a band
dividing unit 1303, a similarity judging unit 1312 (a noise
characteristics judging unit 1304, a prediction error calcu-
lating unit 1305 and a switch determining unit 1306), a
switching unit 1307, a hugher frequency band encoding unit
1313 (a first higher frequency band encoding unit 1308 and
a second higher frequency band encoding unit 1309), and a
code multiplexing unit 1321.

Note that only the difference between the higher ire-
quency band encoding unit 1313 and the similarity judging
umt 1312 illustrated 1n FIG. 13, and the higher frequency
band encoding unit 819 and the similarity judging unit 818
of the encoding device 800 illustrated 1n FIG. 8 is that the
former perform processing in units of frequency coethicients
having the number of samples which differs depending on a
selection of the transform block length selecting unit 1301
and therefore that their configurations and the contents of
processing are all the same. Moreover, a high frequency
code 1320 i1s different from the high frequency code 817
only in that the high frequency code 1320 1s encoded with
a block length which differs depending on a selection of the
transform block length selecting umit 1301. Similarly, a
noise characteristics judgment value 1317, similarity infor-
mation 1318, and switching information 1319 differ respec-
tively from the noise characteristics judgment value 814, the
similarity information 815, and the switching information
816 illustrated 1n FIG. 8 only 1n that a transform block length
of the high frequency coeflicients 1316 to be processed
varies according to a selection of the transform block length
selecting unit 1301. Note that since the configuration and the
operation of the higher frequency band encoding unit 819
and the similarity judging unit 818 shown in FIG. 8 are

already explained, explanations for the higher frequency
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band encoding unit 1313 and the similanity judging unit
1312 are omitted unless they are related to newly added
processing.

In FIG. 13, the transform block length selecting unit 1301
determines a transform block length to be used in the
time-frequency transforming unit 1302, according to char-
acteristics of the imput signal 207. The transtorm block
length selecting unit 1301 measures, for example, the
amount of variation at an average signal level of the mput
signal 207 within an infinitesimal time At. If the measured
amount of variations exceeds a specified value, a shorter
transform block length 1s selected, while a longer transform
block length 1s selected 1f the measured amount of variations
1s at or below a specified value. A transform block length to
be determined may be either an arbitrary length or a length
to be selected from among predetermined multiple alterna-
tives. In the following, switching 1s made between two
transform block lengths, of which 1024 samples 1s used for
the longer transform block length and 128 samples for the
shorter transform block length. Such longer transtorm block
length and shorter transtform block length are respectively
referred to as basic transform block and transform sub-
block. According to this configuration, one basic transform
block can be divided into eight transform sub-blocks. The
transform block length selecting unit 1301 generates block
length immformation 1310 indicating a selected transiorm
block length.

According to the block length information 1310 generated
by the transform block length selecting unmit 1301, the
time-frequency transforming unit 1302 transforms the low
frequency signal 208 and the high frequency signal 209
band-divided by the band dividing unit 201 and outputs such
two signals as low frequency coellicients 1315 and high
frequency coellicients 1314. Any one of known transforms
such as Fourier transtform, cosine transform and filter bank
may be employed as a time-frequency transform used 1n the
time-frequency transforming unit 1302, but MDCT 1s
employed 1n the following explanation. The band dividing
unit 1303 divides the high frequency coeflicients 1314
represented as MDC'T coeflicients further into a plurality of
high frequency encoding sub-bands and then outputs them to
the noise characteristics judging unit 1304, the prediction
error calculating unit 1305, and the switching unit 1307.

Here, an explanation 1s provided for the relation between
band-divided higher frequency coeflicients 1316 and the
subsequent encoding processing with reference to figures.
FIG. 14 1s a diagram 1llustrating the high frequency coetl-
cients 1316 and the low frequency coetlicients 1315 1n the
case where a basic transform block 1401 1s selected by the
transiorm block length selecting unit 1301 illustrated 1n FIG.
13, while FIG. 15 1s a diagram illustrating the high fre-
quency coeflicients 1316 and the low frequency coeflicients
1315 1n the case where a transform sub-block 13506 1s
selected 1n the transform block length selecting unit 1301
illustrated 1n FIG. 13. Both FIGS. 14 and 15 depict the high
frequency coeflicients 1316 and the low frequency coetli-
cients 1315 1n the case where a signal having 1024 samples
per frame, for example, 1s inputted. As 1llustrated 1n FIG. 14,
when the basic transform block 1401 1s selected by the
transform block length selecting umt 1301, the time-ire-
quency transforming unit 1302 performs transiform only
once for the high frequency signal 209 represented by 1024
samples per a frame with the transform block length of 1024
samples. This 1s also applicable to the low frequency signal
208. Therefore, concerning the direction of the time domain,
the high frequency coeflicients 1314 1 a high frequency
encoding band 1402 and the low frequency coeflicients 13135
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in a low frequency encoding band 1403 are made up of a
single set of coellicients to be determined by one transform.
To put 1t another way, such coeflicients can be regarded as
independent of temporal changes in the sampling time of the
above-mentioned one frame. As for the direction of fre-
quency domain, however, the lhigh frequency coethicients
1314 1n the high frequency encoding band 1402 are divided

further ito a plurality of high frequency encoding sub-
bands 1404 by the band dividing unit 1303 to be hi

high
frequency coethicients 1316 made up of multiple sets of high
frequency encoding sub-bands 1404. Of the high frequency
coellicients 1314 included in each basic transform block
1401, only coetlicients which correspond to the frequency
domain of a high frequency encoding band 1402 have
values, while the other coeflicients are represented as O.
Similarly, of the low frequency coetlicients 1315 included 1n
cach basic transform block 1401, only coeflicients which
correspond to the frequency domain of a low Irequency
encoding band 1403 have values, while the other coethicients
are represented as 0. In FIG. 14, only low 1frequency
coellicients and high frequency coetlicients having values
are shown on the same plane. Note that since the subsequent
encoding processing for the high frequency coethicients
1316 1s performed on a per high frequency encoding sub-
band 1404 basis 1n the direction of the frequency domain,
encoding processing by the use of the basic transform block
1401 1s performed for each diagonally shaded domain 1405
within each high frequency encoding sub-band 1404 (to be
referred to as “encoding cell” heremafter).

In contrast, as illustrated 1n FIG. 15, when the transform
sub-block 1506 1s selected by the transfonn block length
selecting unit 1301, the time-frequency transforming unit
1302 performs transform with the transform block length of
128 samples for the high frequency signal 209 represented
by 1024 samples 1 one frame 1501 for eight times (1024/
128). This 1s applicable to the low frequency signal 208 1n
a low Ifrequency encoding band 1503. Therefore, both the
high frequency coeflicients 1314 and the low frequency
coellicients 13135 acquired as a result of transform by the
time-frequency transforming unit 1302 are coellicients made
up of eight sets of transform sub-blocks 1506 1n the direction
of the time domain. The high frequency coetlicients 1314
included 1n each transform sub-block 1506 are 128 samples
and only coeflicients which correspond to the frequency
domain of a high frequency encoding band 1502 have
values, while the other coeflicients are represented as O.
Similarly, the low frequency coeflicients 1315 1ncluded 1n
cach transform sub-block 1506 are 128 samples and only
coellicients which correspond to the frequency domain of a
low frequency encoding band 1503 have values, while the
other coellicients are represented as 0. In FIG. 15, only low
frequency coellicients and high frequency coetlicients hav-
ing values are shown on the same plane. The high frequency
coellicients 1314 1n the high frequency encoding band 1502
are Turther divided by the band dividing unit 1303 into more
than one high frequency encoding sub-band 1504 in the
direction of the frequency domain. Accordingly, the subse-
quent processing 1s performed 1n units of an encoding cell
1505, which 1s diagonally shaded 1n FIG. 15.

As 1s obvious from FIGS. 14 and 15, more precise
encoding 1n the direction of the time domain can be per-
formed when the transform sub-block 1506 1s used as a
transiform block length rather than the basic transform block
1401, for the encoding cell 1s divided more finely 1n the
direction of the time domain. However, the number of
encoding cells per unit of time increases 1f the number of
divisions 1n the direction of the frequency domain 1s the
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same, which mevitably results 1n a larger amount of bits
required for encoding. In order to circumvent this problem,
when the transform sub-block 1506 illustrated in FIG. 15 1s
used, the number of divisions in the direction of the fre-
quency domain, that 1s, the number of high frequency
encoding sub-bands 1504, needs to be smaller than that of
the high frequency encoding sub-band 1404 at the time of
using the basic transtorm block 1401 1illustrated in FIG. 14.
As a result, the encoding cell 1405 which 1s more finely
divided 1n the direction of frequency domain 1s used when
the basic transform block 1401 1s employed, and the encod-
ing cell 1505 which 1s more finely divided into the direction
of the time domain 1s used when the transform sub-block
1506 1s employed. As described above, it 1s possible for the
encoding device 1300 to encode the 1nput signal 207 1n a
more eflicient manner by using the encoding cell 1405 and
the encoding cell 1505 appropriately depending on the
characteristics of such input signal 207.

Processing which each processing unit of the encoding
device 1300 performs for each encoding cell 1s the same
regardless ol whether the basic transform block 1401 or the
transform sub-block 1506 1s used. Therefore, encoding of
the high frequency coellicients 1316 1n one frame 1s com-
pleted by just repeating the encoding processing performed
by the stmilarity judging unit 1312 and the higher frequency
band encoding umt 1313 for all encoding cells.

The code multiplexing unit 1321 multiplexes the block
length information 1310 generated by the transform block
length selecting unit 1301, the switching information 1319
from the switch determining unit 1306, the low frequency
code 213 from the lower frequency band encoding unit 202,
and a high frequency code 1320 from the higher frequency
band encodmg umt 1313 and outputs an output code 1311.

Note that, 1n determining MDCT coetlicients 1n a high
frequency encoding sub-band, the high frequency signal 209
1s transiformed mnto MDCT coethicients first and then band-
division 1s performed on the MDCT coeflicients 1n the
present embodiment, but as an equivalent configuration, 1t 1s
also possible that MDCT coetlicients in a high frequency
encoding sub-band are determined by dividing in advance
the high frequency signal 209 1nto high frequency encoding
sub-bands through filter bank or the like and then perform-
ing MDCT for a signal in each band.

As explained above, by dividing MDC'T coellicients 1n the
higher frequency band into a multiple number of encoding
cells and by judging noise characteristics as well as simi-
larity with MDCT coeflicients 1n the lower frequency band
on a per-encoding cell basis so as to perform encoding by the
use of the optimal higher frequency band encoding umnit
indicated by the result of such judgment, the eflect of
acquiring a high-quality reproduction signal in accordance
with the characteristics of the input signal 207 from a code
represented by a smaller number of bits.

Next an explanation 1s provided for a decoding device
according to the sixth embodiment with reference to FIG.
16, which 1s a block diagram showing the configuration of
a decoding device 1600 for decoding the output code 1311
outputted by the encoding device 1300 1llustrated 1n FI1G. 13.
The following explanation 1s indented for the case where
MDCT coeflicients are used as frequency spectral coetli-
cients as 1n the case of the above-explained encoding device
1300. In FIG. 16, the decoding device 1600 1s a decoding
device for decoding a high frequency code encoded with
either a basic transiform block or a transform sub-block
depending on block length information included an 1nput
code. Such decoding device 1600 1s comprised of a code
dividing unit 1601, a lower frequency band decoding unit
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1602, a time-frequency transforming unit 1603, a switching
umt 1604, a first higher frequency band decoding unit 1605,
a second higher frequency band decoding unit 1606, a
spectrum combining unit 1607, and a frequency-time trans-
forming unit 1608. The code dividing unit 1601 extracts
block length information 1610, switching information 1611,
a low frequency code 1612, and a high frequency code 1613
from an 1put code 1609. The lower frequency band decod-
ing unit 1602 decodes the extracted low frequency code
1612 to output a low frequency signal 1614 which 1s a time
signal. The time-frequency transforming unit 1603 trans-
forms the low frequency signal 1614 with a transform block
length 1ndicated by the block length information 1610 and
determines low frequency coetlicients 1615 which are
MDCT coeflicients expressing low frequency components.

The switching unit 1604 switches between the first higher
frequency band decoding unit 1605 and the second higher
frequency band decoding unmit 1606 according to the
extracted switching information 1611, and inputs the block
length information 1610 and the high frequency code 1613
to a selected higher frequency band decoding unit. Here, the
first higher frequency band decoding unit 1603 1s a decoding
unit to decode a code which 1s encoded by the use of noise,
while the second higher frequency band decoding unit 1606
1s a decoding unit to decode a code which 1s encoded by the
use of similarity between low frequency coellicients 1615
and high frequency coeflicients. Since high frequency coet-
ficients are encoded having been divided into predetermined
encoding cells according to a transform block length and a
high frequency encoding sub-band, decoding processing 1s
performed for codes corresponding to each encoding cell. In
other words, a code included 1n the high frequency code
1613 1s divided ito codes of each encoding cell, and
decoding processing to be performed for divided codes 1s
carried out repeatedly for all encoding cells. If codes cor-
responding to each encoding cell are compressed by means
of a mathematical method on the part of the encoding device
1300, decoding by the use of a mathematical method 1s also
performed.

When the switching imformation 1611 indicates that the
high frequency code 1613 1s to be inputted to the first hlgher
frequency band decoding unit 1605, high frequency coetli-
cients to be decoded are represented as a random noise
signal, and only gain information indicating the signal
strength 1s included i the high frequency code 1613.
Accordingly, the first higher frequency band decoding unit
1605 generates a random noise signal inside and generates
band-divided high frequency coethlicients 1616 by multiply-
ing the decoded gain with the generated noise signal.

In contrast, when the switching information 1611 1ndi-
cates that the high frequency code 1613 1s to be mputted to
the second higher frequency band decoding unit 1606, the
band-divided high frequency coeltlicients 1616 are expressed
by the sum of coellicients extracted out of the low frequency
coellicients 1615 and the differential between the high
frequency coellicients and the low frequency coeflicients
encoded in the high frequency code 1613. Therelfore, the
high frequency code 1613 includes shift number “k” 1o
indicate the position from whlch the low frequency coetli-
cients are extracted, gain “a”, and information indicating the
differential between the i gh frequency coethlicients and the
low frequency coeflicients. The second higher frequency
band decoding umit 1606 extracts out of the inputted low
frequency coeflicients 1615 a predetermined number of
MDCT coeflicients from the position to which a shift is
made only by the shift number “k™ from a predetermmed
reference point. The number of samples of MDCT coetli-
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cients to be extracted differs depending on a block length to
be selected. The second higher frequency band decoding
unit 1606 generates MDCT coetlicients representing high
frequency coetlicients by multiplying the extracted low
frequency MDCT coeflicients with the gain “a” and by
adding to it spectral coeflicients indicating the decoded
differential information. Note that 11 information indicating
the differential 1s omitted, the result of multiplying the
extracted MDCT coetlicients with the gain “a” serves as
MDCT coeflicients representing the high frequency coetli-
cients. Furthermore, if information indicating the differential
1s typified by noise components, the result of adding noise
components multiplied with the decoded gain to the
extracted MDCT coellicients multiplied with the gain “a”
serves as MDCT representing the high frequency coefli-
cients.

The spectrum combining unit 1607 combines the high
frequency coetlicients 1616, which are decoded either by the
first higher frequency band decoding unmit 1605 or the second
higher frequency band decoding unit 1606 and which are
divided into high frequency encoding sub-bands, with the
low frequency coethlicients 1615, and generates them as
combined spectral coetlicients 1617. Then, the frequency-
time transforming unit 1608 transforms the combined spec-
tral coeflicients 1617 included 1n the higher frequency band
into a time signal with a transform block length indicated by
the block length information 1610 so as to generate 1t as an
output signal 1618.

Note that, i the second higher frequency band decoding
unit 1606, 1t the shift number “k” 1s not information indi-
cating the number of samples in the frequency domain but
identification information indicating a predetermined spe-
cific low frequency section, MDCT coeflicients 1 such
predetermined specific low frequency section may be
extracted according to the i1dentification information.

As explained above, 1n the sixth embodiment, since
encoding 1s performed 1n the encoding device 1300 by
appropriately switching transtorm block lengths for the high
frequency signal 209 according to the characteristics of the
input signal 207 and the 1input code 1609 encoded 1n such a
manner 1s decoded 1n the decoding device 1600 according to
the block length information 1610, the decoding device
1600 provides the eflect of acquiring a reproduction signal
of an improved quality for which trackability for the time
variation of the orniginal sound 1s further enhanced, in
addition to the eflects available m the first to the fifth
embodiments.

The Seventh Embodiment

The configuration of an encoding device according to the
seventh embodiment of the present invention 1s explained
with reference to FI1G. 17, which 1s a block diagram showing,
the configuration of an encoding device 1700 according to
the seventh embodiment. The encoding device 1700
depicted 1n FIG. 17 1s different from the encoding device
1300 1n FIG. 13 1n that a lower frequency band encoding unit
performs encoding by the use of transform coeflicients
which are 1n the same format as those used 1n a higher
frequency band encoding unmit and that encoding processing
1s performed also 1n the lower frequency band encoding unit
according to a transform block length determined by a
transform block length selecting unit. Such encoding device
1700 1s comprised of the transform block length selecting
unit 1301, the switching unit 1307, a time-frequency trans-
forming unit 1701, a band dividing umt 1702, a lower
frequency band encoding unit 1703, the similarity judging
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umt 1312 (the noise characteristics judging unit 1304, the
prediction error calculating unit 1305 and the switch deter-
mining unit 1306), the higher frequency band encoding unit
1313 (the first higher frequency band encoding unit 1308
and the second higher frequency band encoding unit 1309),
and a code multiplexing unit 1704. Note that since an
explanation 1s already provided for the same components as
those included in the encoding device 1300 illustrated in
FIG. 13, an explanation for such components 1s omitted by
providing them with the same numbers 1n FIG. 17 as used
in FIG. 13.

In FIG. 17, the transform block length selecting unit 1301
determines a transform block length according to the char-
acteristics of the input signal 207. The time-frequency
transforming unit 1701 collectively performs time-ire-
quency transform for the mput signal 207 of all frequency
bands made up of the lower frequency band and the higher
frequency band according to the block length information
1310 generated by the transform block length selecting unit
1301 and outputs all frequency bands coeflicients 17035. The
time-irequency transforming unit 1701 may use any one of
known transforms, but the following explanation describes
the case where MDC'T 1s employed. The band dividing unit
1702 divides the all frequency bands coeflicients 1705
expressed as MDCT coeflicients of either a basic transform
block or a transform sub-block mto the lower frequency
band and the higher frequency band, of which the higher
frequency band 1s further divided into a plurality of high
frequency encoding sub-bands. Then band dividing unit
1702 outputs low frequency coellicients 1706 and the high
frequency coelflicients 1316. The lower frequency band
encoding unit 1703 encodes the low frequency coethlicients
1706 which are expressed as MDCT coetlicients of a vari-
able transform block length to output such low frequency
coellicients 1706 as a low frequency code 1707. While any
one of known encoding methods supporting a variable
transform block length may be used as the lower frequency
band encoding unit 1703, the present embodiment employs
the MPEG-4 AAC system as an example of such encoding
umt. The MPEG-4 AAC system supports two transform
block lengths, 1.e., 1024 samples and 128 samples, which
can be switched appropriately according to need.

As 1n the case of the encoding device 1300 1llustrated 1n
FIG. 13 where different transform block lengths are used 1n
the higher frequency band encoding unit and the lower
frequency band encoding unit, time-irequency transform
needs to be performed in the encoding processing of each
encoding unit. Accordingly, by having the lower frequency
band encoding unit select a transform block length from
either 1024 samples or 128 samples, the same transform
block length can be used in the lower frequency band
encoding unit and the higher frequency band encoding unat,
meaning that the same time-frequency transform processing
1s performed in such encoding units. In other words, it
becomes possible for the lower frequency band encoding
umt and the higher frequency band encoding unit to share
the same time-frequency transform processing. The code
multiplexing unit 1704 multiplexes the block length infor-
mation 1310 generated by the transtorm block length select-
ing unit 1301, the switching mformation 1319 from the
switch determining umt 1306, the high frequency code 1320
from the higher frequency band encoding unit 1313, and the
low frequency code 1707 from the lower frequency band
encoding unit 1703 to output an output code 1708.

The following i1s the operation of the encoding device
1700 with the above configuration to be explained along
with the tlow of data. The time-frequency transforming unit
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1701 transforms the input signal 207 collectively into
MDCT coelflicients according to the block length informa-
tion 1310. The resulting all frequency bands coellicients
1705 which include frequency components of all bands are
then mputted to the band dividing unit 1702 to be outputted
as the low frequency coetlicients 1706 and the high fre-
quency coellicients 1316 which are further divided into a
plurality of bands.

The low frequency coethicients 1706 are encoded 1n the
lower frequency band encoding umt 1703, and the band-
divided high frequency coeflicients 1316 are encoded either
in first higher frequency band encoding unmt 1308 or second
higher frequency band encoding unit 1309.

The high frequency code 1320, which 1s acquired as a
result of encoding the high frequency coellicients 1316
through the block length information 1310, the switching
information 1319 and the higher frequency band encoding
unit 1313, and the low frequency code 1707 are multiplexed
in the code multiplexing umt 1704 and then the output code
1708 1s generated.

With the above configuration, 1t 1s possible 1n the encod-
ing device 1700 that time-frequency transiorm processing 1s
shared between the lower frequency band encoding unit and
the higher frequency band encoding unit and that band
division performed 1n the band dividing unit 1702 1s carried
out on coellicients 1n the frequency domain such as MDCT
coellicients, which consequently leads to a reduced amount
of calculations required for band-dividing processing.

Next, an explanation 1s provided for a decoding device
according to the seventh embodiment of the present inven-
tion with reference to FIG. 18, which 1s a block diagram
showing the configuration of a decoding device 1800 for
decoding the output code 1708 encoded in the encoding

device 1700 illustrated 1n FIG. 17. The decoding device
1800 1llustrated 1n FIG. 18 1s different from the decoding
device 1600 of the sixth embodiment in that a lower fre-
quency band decoding umt decodes the lower frequency
band by the use of transform coetlicients which are in the
hose used when the higher frequency band

il

same format as t
1s decoded and that decoding processing 1s performed with
a transform block length indicated by block length 1nforma-
tion received from the transform block length selecting unat.
Such decoding device 1800 1s comprised of the code divid-
ing unit 1601, the switching unit 1604, the first higher
frequency band decoding unit 1605, the second higher
frequency band decoding unit 1606, the spectrum combining
unit 1607, the frequency-time transforming umt 1608 and a
lower frequency band decoding unit 1801. Note that since an
explanation 1s already provided for the same components as
those included in the decoding device 1600 illustrated in
FIG. 16, an explanation for such components 1s omitted by
providing them with the same numbers 1n FIG. 18 as used
in FIG. 16. An explanation 1s provided for the case where
MDCT coetlicients are used as frequency spectral coetli-
cients and the AAC system 1s employed as a method to
decode the lower frequency band in the decoding device
1800, as 1n the case of the above-explained encoding device
1700. The lower 1frequency band decoding unit 1801
decodes a low frequency code 1803 separated from an 1nput
code 1802 according to the block length information 1610 to
output the low frequency coeflicients 1615.

The following explains the operation of the decoding
device 1800 with the above configuration. In the decoding
device 1800 shown in FIG. 18, the mput code 1802 is
divided into the block length information 1610, the switch-
ing information 1611, the low frequency code 1803, and the

high frequency code 1613 by the code dividing unit 1601. Of
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them, the low frequency code 1803 1s decoded by the lower
frequency band decoding unit 1801 according to a transform
block length indicated by the block length information 1610.
The decoded low frequency code 1803 1s expressed as
MDCT coethlicients which are encoding parameters pursuant
to the AAC system and 1s outputted as the low frequency
coellicients 1615.

Meanwhile, switching 1s made 1n the switching unit 1604
according to the switching information 1611 separated from
the input code 1802 so that either the first higher frequency
band decoding unit 1605 or the second higher frequency
band decoding unit 1606 is selected. Then the selected
higher frequency band decoding umt decodes the high
frequency code 1613 to output 1t as the high frequency
coellicients 1616. The operations of the first higher fre-
quency band decoding unit 1605 and the second higher
frequency band decoding unit 1606 are the same as those 1n
the decoding device 1600 of the seventh embodiment illus-
trated 1 FIG. 16, and therefore explanations therefor are
omitted. Since the decoded low frequency coeflicients 1615
and the decoded high frequency coeflicients 1616 are MDCT
coellicients based on the same transform block length, such
two types of coetlicients can be combined through simple
adding processing. The spectrum combining unit 1607 adds
the low frequency coeflicients 1615 with the high frequency
coellicients 1616 to determine the combined spectral coet-
ficients 1617. The frequency-time transforming unit 1608
performs mverse-MDCT for such combined spectral coet-
ficients 1617 to output the output signal 1618.

According to the present embodiment, since the decoding
device 1800 with the above configuration allows frequency-
time transform processing required for decoding the lower
frequency band and the higher frequency band to be shared,
it 15 possible to omit the time-frequency transforming unit
required 1n the decoding device 1600 for transforming a high
frequency signal into low frequency coeflicients. Conse-
quently, 1t 1s possible to implement the decoding device
1800 which 1s compact in size. Furthermore, according to
the present embodiment, since 1t 1s possible to perform
combing processing of the spectrum combining unit to be
carried out on coellicients 1n the frequency domain such as
MDCT coethicients, the amount of calculations required for
such combining processing can be reduced.

The

Eighth Embodiment

An explanation 1s provide for the configuration of an
encoding device according to the eighth embodiment of the
present invention with reference to FIG. 19, which 1s a block
diagram showing the configuration of an encoding device
1900 according to the eighth embodiment. The encoding
device 1900 illustrated i FIG. 19 1s different from the
encoding device 1700 shown 1n FIG. 17 1n that such system
as the MPEG-4 AAC system supporting an encoding method
known as block grouping 1s employed for the encoding of
the lower frequency band and that the encoding of the higher
frequency band 1s performed by the use of grouping infor-
mation provided by a lower frequency band encoding unat.
Such encoding device 1900 1s comprised of the transform
block length selecting unit 1301, the similarity judging unit
1312 (the noise characteristics judging unit 1304, the pre-
diction error calculating unit 13035 and the switch determin-
ing unit 1306), the time-frequency transforming unit 1701,
the band dividing unit 1702, a lower frequency band encod-
ing unit 1901, a higher frequency band encoding unit 1904
(a first higher frequency band encoding unit 1902 and a
second higher frequency band encoding unit 1903), and a
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code multiplexing unit 1905. Note that since an explanation
1s already provided for the same components as those
included in the encoding device 1300 and the encoding
device 1700 illustrated m FIG. 13 or 17, an explanation for
such components 1s omitted by providing them with the
same numbers m FIG. 19 as used in FIG. 13 or 17.

Block grouping 1s a method to reduce the number of
encoding parameters included 1n an output code by sharing
encoding parameters 1 a group made up of transform
sub-blocks, spectrums of which are similar to each other’s
A more detailed explanation for block grouping employed in
the AAC system 1s provided below referring to FIGS. 20A,
20B and 20C. FIG. 20A 1s a diagram 1llustrating an example
of the all frequency bands coeflicients 1705 outputted from
the time-frequency transtorming unit 1701 of the decoding
device 1900 shown 1n FIG. 19 according to the block length
information 1310. FIG. 20B 1s a diagram showing an
example of the high frequency coellicients 1316 inputted to
the higher frequency band encoding unit 1904 of the encod-
ing device 1900 illustrated in FIG. 19. FIG. 20C 1s a diagram
showing an example of the low frequency coeflicients 1706
inputted to the lower frequency band encoding unit 1901 of
the encoding device 1900 1llustrated 1n FIG. 19. The AAC
system, which supports two transform block lengths, 1.e.,
1024 samples (long block=basic transtform block) and 128
samples (short block=transiorm sub-block), 1s configured to
reduce the number of encoding parameters as well as the
number of bits required to encode an input signal by
comparing MDCT coetlicients within more than one adjoin-
ing short block when a short block 1s used and by sharing
some encoding parameters if similarity among such MDCT
coellicients 1s high.

When the block length information 1310 from the trans-
torm block length selecting unit 1301 indicates a short block
including 128 samples for both the lower frequency band
and the higher frequency band, the time-frequency trans-
forming unit 1701 1llustrated 1n FI1G. 19 performs MDCT for
cach 128 samples of the mput signal 207, for example, to
output the all frequency bands coethicients 1705 as 1llus-
trated in FIG. 20A. The all frequency bands coeflicients
1705 outputted 1in such manner are made up of eight short
blocks for each basic transform block (1024 samples), and
MDCT coethicients 1n each short block represent a frequency
band ranging from the lower frequency band to the higher
frequency band to be determined depending on a sampling
frequency. Such all frequency bands coeflicients 1705 are
divided by the band dividing umt 1702 into the low fre-
quency coellicients 1706 and the high frequency coeflicients
1316, which are then outputted to the lower frequency band
encoding unit 1901 and the higher frequency band encoding
unit 1904 respectively.

The lower frequency band encoding unit 1901 compares
MDCT coeflicients 1n adjoining short blocks, and when
similarity between such short blocks 1s high, classifies two
or more appropriate short blocks into one group as shown 1n
FIG. 20C. Among short blocks belonging to the same group,
such encoding parameters as normalized coetlicients to be
calculated for each encoding performed in a short block 1s
shared, for example. In such a case, a set of adjoining short
blocks which share encoding parameters 1s called a short
block group, and information indicating how eight short
blocks included within a frame of 1024 sample length are
grouped 1s generated as grouping information 1911, which 1s
then outputted to the higher frequency band encoding unit
1904. For example, when a short block 1 and a short block
2 are grouped together 1n the lower frequency band encoding
unit 1901 as shown 1n FIG. 20C, the grouping information
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1911 indicating that such short block 1 and short block 2 are
grouped together 1s outputted. Such grouping information
1911 1s encoded by the lower frequency band encoding unit
1901 together with the low frequency coeflicients 1706. In
the ligher frequency band encoding unit 1904, the high
frequency coellicients 1316 1inputted from the band dividing
unit 1702 are divided 1nto a larger number of bands than the
low frequency coetlicients 1706 so as to encode the high
frequency coethlicients 1316 on a per-band basis. In so doing,
when the grouping information 1911 indicates that the short
block 1 and the short block 2 1n the lower frequency band are
grouped together, the higher frequency band encoding unit
1904 performs encoding by having encoding parameters be
shared between a transform sub-block 1 and a transform
sub-block 2 1n the higher frequency band which correspond
to such short block 1 and short block 2.

Here, with the configuration of the encoding device 1900,
the length of a transform sub-block in the higher frequency
band and a short block in the lower frequency band 1n the
AAC system 1s both 128 samples and high frequency MDCT
coellicients transformed with the transtorm block length of
128 samples and low frequency MDCT coetlicients trans-
formed with the short block of 128 samples have high
frequency components and low frequency components of
the same signal respectively. MDCT coeflicients included in
the higher frequency band and the lower frequency band are
closely related, meaning, for example, that i1t 1s highly
possible that 1f adjoining short blocks 1n the lower frequency
band are similar to each other, corresponding sub-blocks in
the higher frequency band are also similar to each other.
Accordingly, by using the grouping information 1911 out-
putted from the lower frequency band encoding unit in
accordance with the AAC system also 1n the higher fre-
quency band encoding unit so as to share encoding param-
cters used among sub-blocks having a higher degree of
similarity, 1t 1s possible to reduce the number of encoding
parameters as well as the number of bits required for
encoding.

In the encoding device 1900 shown in FIG. 19, the
grouping information 1911 outputted from the lower ire-
quency band encoding unit 1901 1s mputted to either the first
higher frequency band encoding unit 1902 or the second
higher frequency band encoding unit 1903 via the switching
umt 1307. Then, according to such grouping information
1911, a higher frequency band encoding unit selected by the
switching unit 1307 encodes the shared parameters of the
grouped sub-blocks only once per group. Next, an explana-
tion 1s provided for how parameters are shared on the basis
of the grouping information 1911.

FIG. 21 1s a diagram showing the relation between the
high frequency coellicients 1316 and the low frequency
coellicients 1706 1n the case where grouping 1s performed 1n
the lower frequency band encoding unit 1901 of the encod-
ing device 1900 illustrated in FIG. 19. As FIG. 21 shows,
when a transform sub-block 2106 is selected as a transform
block length by the transtorm block length selecting unit
1301, eight sets of MDCT coethicients (all frequency bands
coeflicients 1705) which are transtormed with a transform
block length of 128 sample are acquired for the input signal
207 of a basic transform block 2101 having 1024 samples.
Such all frequency bands coethlicients 1705 are divided nto
the low frequency coellicients 1706 in a low frequency
encoding band 2103 and the high frequency coethicients
1316 1n a high frequency encoding band 2102 by the band
dividing unit 1702. The lower frequency band encoding unit
1901 checks 51mllar1ty between adjoining short blocks 1n the
low frequency coethicients 1706 so as to classity short blocks
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similar to each other into the same group. When this 1s done,
the grouping information 1911 indicating which short block
and which short block are grouped together 1s generated to
be outputted to the higher frequency band encoding unit
1904. Assuming, for example, that the lower frequency band
encoding unit 1901 generates the grouping information 1911

indicating that a short block 2108 and a short block 2109
adjoining each other are grouped together, since the group-

ing information 1911 provided from the lower frequency
band encoding unit 1901 indicates a set of adjoining trans-
form sub-blocks 2106 similar to each other, the higher
frequency band encoding umt 1904 classifies the eight
transform sub-blocks 2106 into a plurality of transform

sub-block groups according to such grouping information
1911.

For example, 1n the high frequency encoding band 2102,
the eight transform sub-blocks 2106 are classified mto a
transform sub-block group 2110, a transform sub-block
group 2111, and a transform sub-block group 2112. The
transform sub-block group 2110, for mstance, 1s made up of
one transform sub-block 2106, while the transform sub-
block group 2111 1s made up of five transform sub-blocks
2106 which are not depicted 1n the diagram. Meanwhile the
transform sub-block group 2112 1s made up of the seventh
and the eighth transform sub-blocks 2106 which correspond
to the short block 2108 and the short block 2109 in the low
frequency encoding band 2103. In order to share encoding
parameters within such a transform sub-block group, an
encoding cell which 1s originally set for each transiorm
sub-block 2106 on a high frequency encoding sub-band
2104 basis just needs to be set for each transform sub-block

group, as 1ndicated by an encoding cell 21035 shown i FIG.
21.

In the above-mentioned example, two sets of high fre-
quency MDCT coethicients included in the encoding cell
2105 are encoded being typified by a single set of encoding
parameters. For example, when the second higher frequency
band encoding umt 1903 encodes the high frequency coet-
ficients 1316 included in the encoding cell 2105, MDCT
coellicients within these two transform sub-blocks 2106 are
represented by the same shift number “k™ and gain “a” to be
encoded. In contrast, when sub-block grouping is not to be
performed, the second higher frequency band encoding unit
1903 needs to encode shift number “k™ and gain “a” inde-
pendently for MDCT coetlicients 1n each of the two trans-
form sub-blocks 2106. As just described, by grouping two
transform sub-blocks 2106 into one transform sub-block
group 2112, for example, the number of encoding param-
eters can be reduced to half. Note that there 1s no limit for
the number of transform sub-blocks 2106 to be grouped and
therefore that the number of encoding parameters 1s further
reduced by grouping an increased number of transform
sub-blocks 2106 together. As a result, 1t 1s possible to reduce
the number of bits required to encode encoding parameters
of all frequency bands by grouping transform sub-blocks
2106 as described above. The code multiplexing unit 19035
multiplexes (1) the low frequency code 1910 from the lower
frequency band encoding unit 1901, (2) the switching
information 1319 from the switch determiming unit 1306,
(3) the block length information 1310 from the transform
block length selecting unit 1301 and (4) a high frequency
code 1912 from the higher frequency band encoding unit
1904, and then outputs the output code 1913.

Note that it 1s possible to perform grouping intended for
sharing encoding parameters not only for a plurality of
transform sub-blocks 1n the direction of the time domain, but
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also for a plurality of high frequency encoding sub-bands 1n
the direction of the frequency domain.

Also note that, 1n the above example, although transform
sub-blocks 2106 are grouped according to the grouping
information 1911 (to be referred to as the first grouping
information) from the lower frequency band encoding unit
1901, 1t 15 also possible that grouping 1s performed speciii-
cally for the higher frequency band without using the
grouping information 1911 of the lower frequency band and
that the second grouping information indicating the result of
such grouping processing 1s generated so as to perform
grouping of transform sub-blocks 2106 in the higher fre-
quency band encoding unit. FIG. 22 1s a block diagram
showing the configuration of another encoding device 2200
according to the eighth embodiment. Such encoding device
2200, which 1s an encoding device for grouping transiorm
sub-blocks 2106 specifically for the higher frequency band,
1s comprised of the transform block length selecting unit
1301, the similarity judging unit 1312 (the noise character-
istics judging unit 1304, the prediction error calculating unit
1305 and the switch determining unit 1306), the time-
frequency transforming unit 1701, the band dividing unit
1702, the lower frequency band encoding unit 1703, the
higher frequency band encoding umt 1904 (the first higher
frequency band encoding unit 1902 and the second higher
frequency band encoding unit 1903), a grouping information
generating unit 2201, and a code multiplexing unit 2202.

The grouping information generating unit 2201 checks
similarity between transform sub-blocks 2106 1n the high
frequency coellicients 1316 which are band-divided by the
band dividing unit 1702, so as to classily transform sub-
blocks 2106 having a high degree of similanity with each
other into the same group. Furthermore, the grouping infor-
mation generating umt 2201 generates second grouping
information 2210 indicating the result of such grouping and
outputs 1t to the higher frequency band encoding unit 1904
and the code multiplexing unit 2202. Then, a higher fre-
quency band encoding unit selected according to the switch-
ing 1nformation 1319 determines the encoding cell 2105
based on the inputted second grouping information 2210 and
generates a high frequency code 2211, 1n which encoding
parameters are shared by each transform sub-block within
the encoding cell 2105. The code multiplexing unit 2202
multiplexes (1) the second grouping information 2210 from
the grouping information generating unit 2201, (2) the high
frequency code 2211 from the higher frequency band encod-
ing unit 1904, (3) the low frequency code 1707 from the
lower frequency band encoding unit 1703, (4) the switching
information 1319 from the switch determining unit 1306 and
(5) the block length information 1310 from the transform
block length selecting unit 1301, and then outputs an output
code 2212.

Meanwhile, since the first grouping information 1911
acquired from the lower frequency band encoding unit 1901
illustrated 1n FIG. 19 1s generated on the basis of the low
frequency coeflicients 1706 used for encoding the lower
frequency band, such first groupmg information 1911 1s not
necessarily suited for grouping the high frequency coetli-
cients 1316. Such being the case, by generating the second
grouping information 2210 specifically for the higher fre-
quency band on the basis of the high frequency coethicients
1316, 1t 1s possible to perform grouping more suitable for the
encodmg of the hlgh frequency coellicients 1316, leading to
the improvement 1n the quality of encoding processing for
the higher frequency band. In such a case, however, the
second grouping information 2210 generated specifically for
the higher frequency band 1s also required to be encoded and
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multiplexed 1nto the output code 2212. Note that although
grouping 1s not performed in the lower frequency band
encoding unit 1703 with the configuration of the encoding
device 2200, it 1s possible to configure the encoding device
2200 to include the lower frequency band encoding unit
1901 of the encoding device 1900 illustrated in FIG. 19
instead of the lower frequency band encoding umt 1703 so
as to perform grouping for short blocks also 1n the lower
frequency band encoding umt 1901.

Furthermore, although grouping is separately performed
tor the lower frequency band and the higher frequency band
in the encoding device 2200 shown 1n FIG. 22, it 1s also
possible that either the first grouping information acquired
from the lower frequency band encoding unit or the second
grouping information generated specifically on the part of
the higher frequency band encoding unit 1s selected for use.
FIG. 23 1s a block diagram showing the configuration of
another encoding device 2300 according to the eighth
embodiment. The encoding device 2300 1s an encoding
device that determines an encoding cell 1n the higher fre-
quency band by selecting to use either the first grouping
information indicating how short blocks in the lower fre-
quency band are grouped or the second grouping informa-
tion ndicating how transform sub-blocks in the higher
frequency band are grouped. Such encoding device 2300
includes the transform block length selecting unit 1301, the
similarity judging unit 1312 (the noise characteristics judg-
ing unit 1304, the prediction error calculating umt 1305 and
the switch determining unit 1306), the time-frequency trans-
forming unit 1701, the band dividing unit 1702, the lower
frequency band encoding unit 1901, the higher frequency
band encoding unit 1904 (the first higher frequency band
encoding unit 1902 and the second higher frequency band
encoding unit 1903), a grouping information generating unit
2301, a grouping information switching unit 2302, and a
code multiplexing unit 2303.

The grouping information generating unit 2301 performs
grouping for the high frequency coethlicients 1316 once
according to the first grouping information 1911. In so
doing, the grouping information generating unit 2301 cal-
culates, for example, the differential error between transform
sub-blocks classified into the same group, cancels grouping
to be performed on the basis of the first grouping informa-
tion 1911 1t the calculated differential error exceeds a
predetermined threshold, and performs specific groping
based on the high frequency coeflicients 1316. As a result of
such grouping, the grouping information generating unit
2301 generates the second grouping information 2210 indi-
cating a result of grouping (1.e. which transform sub-block
and which transform sub-block are grouped together) which
1s specific to the higher frequency band. Moreover, the
grouping information generating unit 2301 outputs grouping
information switch information 2311 to the grouping infor-
mation switching unit 2302 to have it select the second
grouping information 2210. According to the grouping
information 2310 selected in such manner, the higher fre-
quency band encoding unit 1904 encodes the high frequency
coeflicients 1316 on the basis of the similarity information
1318 indicating the similarity with the low frequency coel-
ficients 1706 and outputs a high frequency code 2312. The
code multiplexing unit 2303 multiplexes (1) the high fre-
quency code 2312 from the higher frequency band encoding
unit 1904 generated in such manner, (2) the low frequency
code 1910 from the lower frequency band encoding unit
1901, and 1f the second grouping information 2210 1s
selected by the grouping information switching unit 2302
according to the grouping information switch information
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2311, (3) such grouping information 2310, (4) the block
length information 1310 from the transform block length
selecting unit 1301 and (5) the switching information 1319
from the switch determining unit 1306, and then outputs an
output code 2313.

As just described, since the encoding device 2300 with the
above configuration, which usually performs grouping for
the high frequency coeflicients 1316 by the use of the first
grouping information 1911, makes it possible for the second
grouping information 2210 generated on the part of the
higher frequency band to be used only when the first
grouping information 1911 1s not suitable for grouping the
high frequency coeflicients 1316, 1t 1s possible to reduce the
number of code bits needed to represent the grouping
information 2210 and to improve the quality of encoding.
With such configuration, the second grouping information
2210 1s encoded to be multiplexed into the output code 2313
only when such second grouping information 2210 is
selected.

Note that although the code multiplexing unit 2303
encodes the second grouping information 2210 based on the
grouping information switch information 2311 from the
grouping information generating unit 2301 and multiplexes
it to the output code 2313, the present vention i1s not
limited to this configuration. It 1s also possible, for example,
that the grouping information generating unit 2301 adds in
advance an 1dentification code to the second grouping infor-
mation 2210 indicating that such second grouping informa-
tion 2210 1s specific to the higher frequency band, and when
such 1dentification code indicating the second grouping
information 2210 1s added, the selected higher frequency
band encoding unit 1904 performs encoding by incorporat-
ing the second grouping information 2210 into the high
frequency code 2312, while the first grouping information
1911 without an 1dentification code 1s not incorporated nto
the high frequency code 2312. In this case, the code multi-
plexing unit 2303 just needs to multiplex the switching
information 1319, the block length information 1310, the
low frequency code 1910 and the high frequency code 2312
without encoding nor multiplexing the grouping information
2310 and the grouping information switch information 2311.

Next, an explanation 1s provided for the configuration of
a decoding device according to the eighth embodiment with
reference to FIG. 24, which 1s a block diagram showing the
conflguration of a decodmg device 2400 for decoding the
output code 1913 generated in the decoding device 1900
shown 1n FIG. 19. The decoding device 2400 1llustrated 1n
FIG. 24 1s a decoding device that employs as a lower
frequency band decoding unit a decoding system pursuant to
an encoding method known as block grouping in accordance
with the MPEG-4 AAC system, for example, in the decoding
device 1900 shown 1 FIG. 19 and that decodes the higher
frequency band by the use of grouping information provided
from the lower frequency band decoding unit. Such decod-
ing device 2400 1s comprised of a code dividing unit 2401,
a lower frequency band decoding unit 2402, a first higher
frequency band decoding unit 2403, a second higher ire-
quency band decoding unit 2404, a switching unit 2403, the
spectrum combining unit 1607, and the frequency-time
transforming unit 1608.

In FIG. 24, the code dividing unit 2401 divides an input
code 2410 into the block length information 1610, the
switching information 1611, a low frequency code 2411 and
a high frequency code 2412. The lower frequency band
decoding unit 2402 decodes the low frequency code 2411
according to a transform block length indicated by the block
length information 1610 and to grouping information 2413
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included 1n the low frequency code 2411, and outputs low
frequency coeflicients 2415 expressed as MDC'T coeflicients
which are encoding parameters in compliance with the AAC
system. At the same time, the lower frequency band decod-
ing umt 2402 outputs the grouping information 2413
acquired from the low frequency code 2411 to the switching
unit 2405. Such grouping information 2413 1s then inputted
to either the first higher frequency band decoding unit 2403
or the second higher frequency band decoding unit 2404
depending on a selection indicated by the switching infor-
mation 1611. The selected higher frequency band decoding,
unit generates high frequency coethicients 2414 according to
the block length information 1610, the high frequency code
2412, the low frequency coetlicients 2415 (only when the
second higher frequency band decoding unit 2404 1s
selected), and the grouping information 2413.

To put 1t another way, such selected higher frequency
band decoding unit performs decoding for each encoding
cell on the basis of a basic transform block when the block

length information 1610 indicates that a basic transform
block 1s used, and when the block length information 1610
indicates that a transform sub-block 1s used, the selected
higher frequency band decoding unit performs decoding for
cach encoding cell on the basis of a transform sub-block
group indicated by the grouping information 2413.

An encoding cell based on a transform sub-block includes
sets of MDCT coethlicients corresponding to a plurality of
transform sub-blocks, but each set of MDCT coeflicients are
to be decoded according to the same decoded encoding
parameters. Since the operations of the first igher frequency
band decoding unit 2403 and the second higher frequency
band decoding unit 2404 for determining MDC'T coellicients
within an encoding cell according to encoding parameters
are the same as those of the first higher frequency band
decoding unit 1605 and the second higher frequency band
decoding unit 1606 1n the decoding device 1800 1llustrated
in FIG. 18, excluding that decoding is performed for each an
encoding cell on the basis of a transform sub-block group
indicated by the grouping information 2413, explanations
thereol are omitted.

As just described, since the decoded low frequency coel-
ficients 2415 and the decoded high frequency coeflicients
2414 are MDCT coethlicients based on the same transform
block length, such coeflicients can be combined by means of
a simple adding processing. The spectrum combining unit
1607 adds the low frequency coetlicients 2415 with the high
frequency coeflicients 2414 to determine combined spectral
coellicients 2416. The frequency-time transiforming unit
1608 generates to output an output signal 2417 by perform-
ing mverse-MDCT for such combined spectral coeflicients
2416.

The above configuration makes 1t possible for the encod-
ing device 1900 to encode the mput signal 207 so as to
represent it with a smaller amount of bits by grouping
transform sub-blocks. Meanwhile, 1t 1s possible for the
decoding device 2400 to perform a correct decoding of the
input code 2410 which 1s encoded to be represented by such
smaller amount of bits.

Moreover, when the second grouping information gener-
ated specifically on the part of a higher frequency band
encoding unit 1s multiplexed nto an mput code of a decod-
ing device as 1n the case of the output code 2212 1n the
encoding device 2200 illustrated 1n FIG. 22, a decoding
device 1s to be configured to perform decoding on the basis
of the second grouping information as illustrated in FI1G. 25.
FIG. 25 1s a block diagram showing the configuration of a
decoding device 2500 for decoding the output code 2212
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from the encoding device 2200 shown in FIG. 22. The
decoding device 2500 1s a decoding device for decoding an
output code generated as a result of performing block
grouping separately for the lower frequency band and the
higher frequency band 1n an encoding device. Such decod-
ing device 2500 1s comprised of a code dividing unit 2501,
a lower frequency band decoding unit 2502, a first higher
frequency band decoding unit 2503, a second higher ire-
quency band decoding unit 2504, the switching unit 2405,
the spectrum combimng unit 1607, and the frequency-time
transforming unit 1608.

The code dividing unit 2501 divides an input code 2510

into the low frequency code 2411, second grouping infor-
mation 2511, a high frequency code 2512, the block length
information 1610, and the switching information 1611. The
lower frequency band decoding unit 2502 1s different from
the lower frequency band decoding unit 2402 illustrated in
FIG. 24 1n that the first grouping information included 1n the
low frequency code 2411 1s not outputted to the switching
umt 2405. Apart from that, the lower frequency band decod-
ing unit 2502 decodes the low frequency code 2411 accord-
ing to the first grouping information included 1n such low
frequency code 2411 when block grouping 1s performed 1n
units of a short block and then outputs the low frequency
coellicients 2415 represented as MDCT coeflicients to the
spectrum combining umt 1607 and to the second higher
frequency band decoding unit 2504 just like the lower
frequency band decoding umt 2402 does. The first higher
frequency band decoding unit 2503 and the second higher
frequency band decoding unit 2504 are different from the
first higher frequency band decoding unit 2403 and the
second higher frequency band decoding unit 2404 illustrated
in FI1G. 24 1n that the former decode the high frequency code
2512 for which specific grouping for the higher frequency
band 1s performed according to the second grouping infor-
mation 2511. However, from the standpoint of hardware,
both the first higher frequency band decoding unit 2503 and
the second higher frequency band decoding unit 2504, and
the first higher frequency band decoding umit 2403 and the
second higher frequency band decoding unit 2404 are 1den-
tical considering that the high frequency code 2412 1s
decoded according to grouping information mputted via the
switching unit 2403. In the encoding device 2200, block
grouping 1s performed for the high frequency code 2512 on
the basis of similarity between adjoining transform sub-
blocks 1n the higher frequency band, regardless of block
grouping of short blocks 1n the lower frequency band. Since
the second grouping information 2511 indicates how trans-
form sub-blocks of the high frequency code 2512 are
block-grouped, it 1s possible for the first higher frequency
band decoding unit 2503 and the second higher frequency
band decoding unit 2504 to correctly 1dentity an encoding
cell of the high frequency code 2512 according to such
grouping information 2511.

As just described, since block grouping 1s performed for
the high frequency code 2512 1n the encoding device 2200
based on similarity between transform sub-blocks in the
higher frequency band, it can be said that such encoding 1s
performed more faithfully to the original sound as compared
to when the high frequency coetlicients 2414 are acquired in
the decoding device 2400 by directly diverting the block
grouping of the lower frequency band to the higher fre-
quency band. With the decoding device 2500 with the above
configuration, it 1s possible for the decoding device 2500 to
decode an input signal encoded more efliciently by the
encoding device 2200 which groups transform sub-blocks 1n
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a manner optimal for high frequency coeflicients, resulting
in an output signal of an increased quality.

Furthermore, an explanation 1s provided for a decoding
device that decodes an input signal concerning which group-
ing information used for block-grouping of high frequency
coellicients varies depending on the degree of similarity
between high frequency coeflicients and low {frequency
coellicients as 1n the case of the output code 1n the encoding
device 2300 depicted 1n FIG. 23. FIG. 26 1s a block diagram
showing the configuration of a decoding device 2600 for
decoding the output code from the encoding device 2300
illustrated in FIG. 23 as an 1mnput code. The decoding device
2600 1s a decoding device that decodes a high frequency
code according to the second grouping information when the
second grouping information 1s multiplexed into an input
code and that decodes a high frequency code according to
the first grouping information when the second grouping
information 1s not multiplexed into an input code. Such
decoding device 2600 1s comprised of a code dividing unit
2601, a grouping information switching unit 2602, a first
higher frequency band decoding unit 2603, a second higher
frequency band decoding unit 2604, the lower frequency
band decoding unit 2402, the switching unit 24035, the
spectrum combining unit 1607, and the frequency-time
transforming unit 1608.

The code dividing unit 2601 divides an mput code 2610
into second grouping information 2611, a high frequency
code 2612, the switching information 1611, the block length
information 1610 and the low frequency code 2411. The
second grouping information 2611 i1s multiplexed into the
input code 2610 only when such second grouping informa-
tion 2611 generated specifically for the higher frequency
band 1s used. The second grouping information 2611 out-
putted from the code dividing unit 2601 and the first
grouping information 2413 outputted from the lower fre-
quency band decoding unit 2402 are inputted to the grouping
information switching unit 2602. When the second grouping
information 2611 1s multiplexed into the input code 2610,
the grouping information switching umt 2602 selects the
second grouping information 2611 out of the above-men-
tioned second grouping information 2611 and the first
grouping information 2413 so that the second grouping
information 2611 outputted from the code dividing unit 2601
1s 1inputted to a higher frequency band decoding unit. On the
other hand, when the second grouping information 2611 is
not multiplexed 1nto the input code 2610, the grouping
information switching umt 2602 selects the first grouping
information 2413 so that the first grouping information 2413
1s mputted to a higher frequency band decoding unit.

As a result, 1t 1s possible for the first higher frequency
band decoding unit 2603 or the second higher frequency
band decoding unit 2604 selected according to the switching,
information 1611 to decode the high frequency code 2612 on
the basis of selected grouping information which 1s an
output from the grouping information switching unit 2602.
In other words, when the second grouping information 2611
1s multiplexed into the mput code 2610, decoding 1s per-
formed on the basis of the second grouping information
2611, and when the second grouping information 2611 1s not
multiplexed 1nto the input code 2610, decoding 1s performed
on the basis of the first grouping information 2413 from the
lower frequency band decoding unit 2402. Note that, in the
present example, although the grouping information switch-
ing unit 2602 has a function to detect the presence/absence
of data of the second grouping information 2611 so as to
select the second grouping information 2611 1f there 1s such
data of the second grouping information 2611, and to select
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the first grouping information 2413 if there 1s no data of
second grouping information 2611, 1t 1s also possible that a
switch 1s made between the first grouping information 2413
and the second grouping information 2611 through another
method.

An example 1s that a control line 1s provided between the
code dividing unit 2601 and the grouping information
switching unit 2602 so that the code dividing unit 2601
makes a judgment on whether the second grouping infor-
mation 2611 1s multiplexed into the mput code 2610. Then,
according to the result of such judgment, a control signal
used to switch the grouping information switching unit 2602
1s outputted to the grouping information switching unit
2602. Another example 1s that grouping information switch
information indicating the result of a switch made in the
grouping information switching unit 2302 1s generated ':)y
the grouping mformation generating unit 2301, for example,
on the part of the encoding device 2300 111ustrated in FIG.
23, which 1s then multiplexed into the high frequency code
2312 1n the higher frequency band encoding unit 1904. In
such a case too, it 1s possible that a control line 1s provided
between the code dividing unmit 2601 and the grouping
information switching unit 2602 so that the code dividing
unmt 2601 separates grouping information switch informa-
tion from the high frequency code 2612 and outputs such
grouping information switch information to the control line
so as to make a switch of the grouping information switching,
umt 2602. Furthermore, without providing the grouping
information switching unit 2602, both the first grouping
information 2413 and the second grouping information 2611
are configured to be mputted to a selected higher frequency
band decoding unit via the switching unit 2405 so that such
selected higher frequency band decoding unit uses the
second grouping information 2611 ahead of the first group-
ing information 2413 if there exists data of the second
grouping information 2511.

The above-described configuration makes 1t possible for
the decoding device 2600 to decode an input signal encoded
to be represented by a smaller amount of bits by the
encoding device 2300 which groups transform sub-blocks 1n
a manner optimal for high frequency coeflicients. This
consequently leads to the improvement 1n the quality of an
output signal. Meanwhile, 1t becomes possible for the decod-
ing device 2600 to acquire an output signal which 1s larger
in the bit amount of an input code but which 1s of higher
quality being closer to the original sound as compared with
the decoding device 2400. Furthermore, it 1s also possible
for the decoding device 2600 to acquire an output signal
which 1s smaller 1n the bit amount of an 1nput code but which
1s less subject to quality deterioration as compared with the
decoding device 2500.

Note that although signals/coeflicients based on the same
sampling frequency are used both 1 a higher frequency
band encoding unit and a lower frequency band encoding
unit 1n the explanations for encoding devices and decoding
devices according to the foregoing seventh and the eighth
embodiments, a difi

crent sampling Irequency may be
employed for each encoding unit. As an example, an expla-
nation 1s provided for the case where transform 1s performed
in umts of a basic transform block first, and a sampling
frequency of 24 kHz is used for the encoding of the lower
frequency band and a sampling frequency of 48 kHz 1s used
for the encoding of the higher frequency band.

First, assuming that 2048 samples 1s used as a basic
transform block length and that MDCT coetlicients 2048
samples are acquired as a result of transforming an 1nput
signal at a sampling frequency of 48 kHz by 2048 samples,
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such MDC'T coellicients represent a signal at 0~24 kHz. It
1024 samples 1n the lower frequency band side are extracted
from MDCT coeflicients 2048 samples as lower frequency

coellicients, such lower frequency coetlicients represent a
signal at 0~12 kHz. And 11 inverse-MDCT 1s performed for
such low frequency coeflicients 1024 samples, a time signal
having 1024 samples 1s obtained, meaning that the number
of samples of the time signal 1s reduced to half, that 1s,
down-sampled to half the value of the sampling frequency.

If MDCT coetlicients 2048 samples acquired by directly
performing MDCT for an mput signal are coeflicients based
on a sampling frequency of 48 kHz, 1t can be said that low
frequency MDCT coeflicients acquired as a result of extract-
ing 1024 samples 1n the lower frequency band side are
coellicients based on a sampling frequency of 24 kHz. By
having such low {frequency MDCT coetlicients 1024
samples and all frequency bands MDCT coeflicients 2048
samples be mputted to a lower frequency band encoding unit
and a higher frequency band encoding unit respectively, a
configuration 1s realized with which different sampling
frequencies are used in the lower frequency band encoding
unit and the higher frequency band encoding unait.

With the above configuration, the transform block length
in the higher frequency band encoding unit 1s 2048 samples,
while the transtorm block length in the lower frequency
band encoding umt 1s 1024 samples. Although their trans-
form block lengths differ, since their sampling frequencies
are 48 kHz and 24 kHz respectively, their transform block
lengths as time are the same (2048/48000=1024/24000). To
put 1t another way, that the transform block length of the
lower frequency band encoding unit and the transform block
length of the higher frequency band encoding unit are the
same 1n terms of time 1s a necessary condition to realize the
present configuration.

As 1s true of decoding, a decoding device may have a
configuration 1n which transtorm block lengths 1n the lower
frequency band decoding unit and the higher frequency band
decoding unit are set to be the same 1n terms of time. In such
configuration, low {frequency MDCT coefllicients 1024
samples based on a sampling frequency of 24 kHz which are
decoded 1n the lower frequency band decoding unit are
regarded as 1024 samples in the lower frequency band side
out of MDCT coellicients 2048 samples based on a sampling
frequency of 48 kHz after up-sampling 1s performed, and
such low frequency MDCT coeflicients are combined with
high frequency MDCT coeflicients decoded as MDCT coet-

ficients based on a sampling frequency of 48 kHz.

Moreover, 1 the encoding devices and decoding devices
according to the sixths to the eighths embodiments
explained above, although the configuration i1s presented 1n
which a switch 1s made between the first and the second
higher frequency band encoding units or the first and the
second higher frequency band decoding units on a per-
encoding cell basis, 1t 1s also possible that a switch 1s made
for each transform sub-block or transform sub-block group
when a transform sub-block 1s used. In the case where a
transform sub-block 1s used for encoding, it 1s usual that an
input signal varies greatly in the direction of the time domain
but does not vary much in the direction of the frequency
domain. Therefore, 1t 1s possible to select the same higher
frequency band encoding unit for a plurality of high fre-
quency encoding sub-bands 1n the direction of the frequency
domain included in the same transform sub-block or the
same transform sub-block group. According to this configu-
ration, since switching information used 1n the encoding unit
1s encoded not for each encoding cell but for each transform
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sub-block or a transform sub-block group, it 1s possible to
reduce the amount of bits required to encode the switching
information.

Note that the encoding devices and the decoding devices
according to the first to the eighths embodiments of the
present invention may be realized as encoding methods and
decoding methods by allowing connections among process-
ing procedures which realize functions of each umnit. It 1s
possible to realize each processing procedure by describing
it 1n a programming language as software and by executing
such software on a processor. By storing software described
in a programming language 1n such storage medium as a
ROM (Read-Only Memory) and a hard disk drive, and by
executing 1t on a processor connected to such storage
medium directly or via a network including the Internet, the
functionality of the encoding devices and the decoding
devices according to the first to the eighth embodiments of
the present invention 1s realized.

INDUSTRIAL APPLICABILITY

The encoding device according to the present invention 1s
suited for use as an audio encoding device equipped 1n
broadcasting stations for satellite broadcasting including BS
and CS, as an audio encoding device of a content distribu-
tion server to distribute contents via a communications
network such as the Internet, as an audio signal encoding
program to be executed on a general-purpose computer and
as a storage medium 1n which such program 1s stored.

Moreover, the decoding device according to the present
invention 1s suited for use not only as an audio decoding
device equipped 1n a home-use STB, but also as an audio
signal decoding program to be executed on a general-
purpose computer, as a storage medium in which such
program 1s stored, as a circuit base, an LSI and others
specialized for audio signal decoding equipped 1 a STB or
in a general-purpose computer, and as an IC card to be
inserted mto a STB or a general-purpose computer.

The mvention claimed 1s:
1. An encoding device comprising:

a first band dividing unit operable to divide an input signal
into a low frequency signal representing a signal 1n a
lower frequency band, and a high frequency signal
representing a signal 1n a higher frequency band;

a time-frequency transforming unit operable to transform
the band-divided high frequency signal and the band-
divided low frequency signal into spectral coethicients
representing respective frequency components;

a second band dividing unit operable to divide the spectral
coellicients in the higher frequency band into a plural-
ity of sub-bands;

a lower frequency band encoding unit operable to encode
the spectral coeflicients representing the frequency
components of the lower frequency band, and generate
a low frequency code;

a similarity judging unit operable to judge a similarity
between the coethicients 1n the divided sub-bands and
the coeflicients in the low frequency band, and output
the similarity, said similarity judging unit including a
noise characteristics judging unit operable to judge
noise characteristics of the spectral coeflicients in each
of the divided sub-bands, and a prediction error calcu-

lating unit operable to calculate a prediction error

between the spectral coeflicients 1 each of the sub-
bands and the spectral coetlicients selected from the
lower frequency band so as to determine a similarity
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between the spectral coeflicients 1n each of the sub-
bands and the spectral coetlicients selected from the
lower frequency band;

a plurality of higher frequency band encoding units oper-
able to encode the coefllicients 1n the higher frequency
band through respective encoding methods, generate a
high frequency code, and generate amplitude param-
eters indicating an amplitude of the spectral coeflicients
in each of the sub-bands, wherein a plurality of said

higher frequency band encodmg units include a first
higher frequency band encoding unit operable to
encode only the generated amplitude parameters, and a
second higher frequency band encoding unit operable
to encode positional parameters of the low frequency
spectral coeflicients similar to the spectral coethicients
in each of the sub-bands, the amplitude parameters of
cach of the sub-bands and differential parameters
between the spectral coellicients 1 each of the sub-
bands and the low frequency spectral coeflicients simi-
lar to the spectral coeflicients 1n each of the sub-bands,
based on the similarity outputted from said similarity
judging unit;

an encoding selecting unit 1s operable to select one of a
plurality of said higher frequency band encoding units
based on a comprehensive judgment about the judged
noise characteristics and the similarity outputted by
said similarity judging unit, cause the selected higher
frequency band encoding unit to perform encoding, and
generate selection information specitying an encoding
method employed by the selected higher frequency
band encoding unit; and

a code multiplexing unit operable to multiplex the low
frequency code generated by said lower frequency band
encoding unit, the high frequency code generated by
the selected higher frequency band encoding unit and
the selection information generated by said encoding
selecting unit, and generate an output code.

2. The encoding device according to claim 1, further

including a transform block length selecting unit operable to
analyze characteristics of the mput signal, determine a
transform block length used for time-frequency transform
performed for the input signal, and generate block length
information 1indicating the determined transform block
length, wherein:

said time-frequency transforming unit 1s operable to trans-
form the high frequency signal and the low frequency
signal 1nto high frequency coefllicients and low {fre-
quency coellicients, respectively, with the transform
block length selected said transform block length
selecting unit; and

said code multiplexing unit 1s further operable to multi-
plex the block length information in addition to the low
frequency code, the high frequency code and the selec-
tion information.

3. An encoding device comprising:

a {irst band dividing unit operable to divide an 1nput signal
into a low frequency signal representing a signal in a
lower frequency band, and high frequency signal rep-
resenting a signal 1n a higher frequency band;

a time-Ifrequency transforming unit operable to transform
the band-divided high frequency signal and the band-
divided low frequency signal into spectral coeflicients
representing respective frequency components;

a second band dividing unit operable to divide the spectral
coellicients 1n the higher frequency band into a plural-
ity ol sub-bands;
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a lower frequency band encoding unit operable to encode
the spectral coeflicients representing the frequency
components of the lower frequency band, and generate
a low frequency code;

a similarity judging unit operable to judge a similarity
between the coeflicients 1n the divided sub-bands and
the coeflicients in the low frequency band, and output
the similarity, said similarity judging unit including a
noise characteristics judging unit operable to judge
noise characteristics of the spectral coellicients in each
of the divided sub-bands, and a prediction error calcu-

lating unit operable to calculate a prediction error

between the spectral coeflicients 1n each of the sub-
bands and the spectral coetlicients selected from the
lower frequency band so as to determine a similarity
between the spectral coeflicients 1n each of the sub-
bands and the spectral coetlicients selected from the
lower frequency band;

a plurality of higher frequency band encoding units oper-
able to encode the coellicients 1n the higher frequency
band through respective encoding methods, generate a
high frequency code, and generate amplitude param-
cters indicating an amplitude of the spectral coetlicients
in each of the sub-bands, wherein a plurality of said

higher frequency band encoding units include a first

higher frequency band encoding unit operable to
encode only the generated amplitude parameters, and a
second higher frequency band encoding unit operable
to encode only two pieces of information which are
positional parameters of the low frequency spectral
coellicients similar to the spectral coeflicients 1n each of
the sub-bands and the amplitude parameters of each of
the sub-bands, based on the similarity outputted from
said similarity judging units;

an encoding selecting unit operable to select one of a
plurality of said higher frequency band encoding units
based on a comprehensive judgment about the judged
noise characteristics and the similarity outputted from
said similarity judging unit, cause the selected higher
frequency band encoding unit to perform encoding, and
generate selection information specitying an encoding,
method employed by the selected higher frequency
band encoding unit; and

a code multiplexing unit operable to multiplex the low
frequency code generated by said lower frequency band
encoding unit, the high frequency code generated by
the selected higher frequency band encoding unit and
the selection iformation generated by said encoding
selecting, unit, and generate an output code.

4. An encoding device comprising:

a first band dividing unit operable to divide an input signal
into a low frequency signal representing a signal 1n a
lower frequency band, and a high frequency signal
representing a signal 1n a higher frequency band;

a second band dividing unit operable to divide the divided
high frequency signal into a plurality of sub-bands;

a time-frequency transforming unit operable to transform
the divided low frequency signal and the high fre-
quency signal which 1s divided into the plurality of the
sub-bands second band dividing unit into spectral coet-
ficients representing respective frequency components;

a lower frequency band encoding unit operable to encode
the spectral coeflicients representing the frequency
components of the lower frequency band, and generate
a low frequency code;

a similarity judging unit operable to judge a similarity
between the coethlicients 1n the divided sub-bands and
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the coellicients 1n the low frequency band, and output

the similarity, said similarity judging unit including a

noise characteristics judging unit operable to judge

noise characteristics of the spectral coeflicients 1n each

of the divided sub-bands, and a prediction error calcu-

lating unit operable to calculate a prediction error

between the spectral coellicients 1n each of the sub-

bands and spectral coeflicients selected from the lower

frequency band so as to determine a similarity between
the spectral coetlicients in each of the sub-bands and
the spectral coeflicients selected from the lower 1ire-
quency band;

a plurality of higher frequency band encoding units oper-
able to encode the coetlicients 1n the higher frequency
band through respective encoding methods, generate a
high frequency code, and generate amplitude param-
cters indicating an amplitude of the spectral coeflicients
in each of the sub-bands, wherein a plurality of said

higher frequency band encodmg units include a first

higher frequency band encoding unit operable to

encode only the generated amplitude parameters, and a

second higher frequency band encoding unit operable

to encode positional parameters of the low frequency
spectral coeflicients similar to the spectral coethicients
in each of the sub-bands, the amplitude parameters 1n
cach of the sub-bands, and diflerential parameters
between the spectral coeflicients 1n each of the sub-
bands and the low frequency spectral coetlicients simi-
lar to the spectral coeflicients 1n each of the sub-bands,
based on the similarity outputted from said similarity
judging unit;

an encoding selecting unit 1s operable to select one of a
plurality of said higher frequency band encoding units
based on a comprehensive judgment about the judged
noise characteristics and the similarity outputted from
said similarity judging unit, cause the selected higher
frequency band encoding unit to perform encoding, and
generate selection information specilying encoding
method employed by the selected higher frequency
band encoding unit;

a code multiplexing unit operable to multiplex the low
frequency code generated by said lower frequency band
encoding unit, the high frequency code generated by
the selected higher frequency band encoding unit and
the selection information generated by said encoding
selecting unit, and generate an output code.

5. An encoding device comprising:

a time-1requency transforming unit operable to transform
an 1put signal into spectral coeflicients representing
frequency components of all frequency bands of the
input signal;

a first band dividing unit operable to divide the spectral
coellicients 1into coetlicients 1n a lower frequency band,
and coeflicients 1 a higher frequency band, and to
further divide the spectral coeflicients 1n the higher
frequency band into a plurality of sub-bands;

a lower frequency band encoding unit operable to encode
the divided coeflicients 1n the lower frequency band
and generate a low frequency code;

a similarity judging unit operable to judge a similarity
between the coeflicients 1n the divided sub-bands and
the coetlicients in the low frequency band, and output
the similarity, said similarity judging unit including a
noise characteristics judging unit operable to judge
noise characteristics of the spectral coellicients in each
of the divided sub-bands, and a prediction error calcu-
lating unit operable to calculate a prediction error
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between the spectral coeflicients 1n each of the sub-

bands and the spectral coetlicients selected from the

lower frequency band so as to determine a similarity

between the spectral coeflicients 1n each of the divided
sub-bands and the spectral coeflicients selected from
the lower frequency band;

a plurality of higher frequency band encoding units oper-
able to encode the coellicients 1n the higher frequency
band through respective encoding methods, generate a
high frequency code, and generate amplitude param-
eters indicating an amplitude of the spectral coetlicients
in each of the sub-bands, wherein a plurality of said

higher frequency band encoding units have a first
higher frequency band encoding unit operable to
encode only the generated amplitude parameters, and a
second higher frequency band encoding unit operable
to encode positional parameters of the low frequency
spectral coeflicients similar to the spectral coeflicients
in each of the sub-bands, the amplitude parameters of
cach of the sub-bands, and differential parameters
between the spectral coeflicients 1 each of the sub-
bands and the low frequency spectral coeflicients simi-
lar to the spectral coethlicients 1n each of the sub-bands,
based on the similarity outputted from said similarity
judging unit,

an encoding selecting unit operable to select one of a
plurality of said higher frequency band encoding units
based on a comprehensive judgment about the judged
noise characteristics and the similarity outputted from
said similarity judging unit, cause the selected higher
frequency band encoding unit to perform encoding, and
generate selection mformation speciiying an encoding
method employed by the selected higher frequency
band encoding unit; and

a code multiplexing unit operable to multiplex the low
frequency code generated by said lower frequency band
encoding unit, the high frequency code generated by
the selected higher frequency band encoding unit and
the selection information generated by said encoding
selecting unit, and generate an output code.

6. The encoding device according to claim 5, further

including a transform block length selecting unit operable to
analyze characteristics of the mput signal, determine a
transform block length used for time-frequency transform
performed for the input signal, and generate block length
information indicating the determined transform block
length, wherein:

said time-Trequency transforming unit is operable to trans-
form the input signal mnto spectral coellicients repre-
senting frequency components of all frequency bands
of the mput signal with the transtform block length
selected by said transform block length selecting unait;
and

said code multiplexing unit 1s further operable to multi-
plex the block length information 1n addition to the low
frequency code, the high frequency code and the selec-
tion 1nformation.

7. An encoding device comprising:

a transform block length selecting unit operable to ana-
lyze characteristics of an mput signal, determine a
transform block length used for time-frequency trans-
form performed for the iput signal, and generate block
information indicating the determined transform block
length;

a time-frequency transforming unit operable to transform
the input signal nto spectral coellicients representing
frequency components of all frequency bands of the
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input signal with the transform block length determined

by said transform block length selecting unait;

a first band dividing unit operable to divide the spectral
coellicients into coellicients 1n a lower frequency band,
and coellicients 1n a higher frequency band, and to
further divide the spectral coeflicients 1n the higher
frequency band into a plurality of sub-bands;

a lower frequency band encoding unit operable to encode
the divided coethlicients 1n the lower frequency band
and generate a low frequency code;

a similarity judging unit operable to judge a similarity
between the coethicients 1n the divided sub-bands and
the coellicients 1n the low frequency band, and output
the similarity, said similarity judging unit including a
noise characteristics judging unit operable to judge
noise characteristics of the spectral coeflicients 1n each
of the divided sub-bands, and a prediction error calcu-

lating unit operable to calculate a prediction error

between the spectral coeflicients 1 each of the sub-

bands and the spectral coetlicients selected from the

lower frequency band so as to determine a similarity

between the spectral coeflicients in each of the divided
sub-bands and the spectral coeflicients selected from
the lower frequency band;

a plurality of higher frequency band encoding units oper-
able to encode the coetlicients 1n the higher frequency
band through respective encoding methods, generate a
high frequency code, and generate amplitude param-
eters indicating an amplitude of the spectral coeflicients
in each of the sub-bands, wherein a plurality of said

higher frequency band encodmg units have a {irst
higher frequency band encoding unit operable to
encode only the generated amplitude parameters, and a
second higher frequency band encoding unit operable
to encode positional parameters of the low frequency
spectral coeflicients similar to the spectral coethicients
in each of the sub-bands, the amplitude parameters of
cach of the sub-bands, and diflerential parameters
between the spectral coellicients 1 each of the sub-
bands and the low frequency spectral coetlicients simi-
lar to the spectral coeflicients 1n each of the sub-bands,
based on the similarity outputted by said similarity
judging unit;

an encoding selecting, unit operable to select one of a
plurality of said higher frequency band encoding units
based on a comprehensive judgment about the judged
noise characteristics and the similarity outputted by
said similarity judging unit, cause the selected higher
frequency band encoding unit to perform encoding, and
generate selection information speciiying an encoding
method employed by the selected higher frequency
band encoding unit; and

a code multiplexing unit operable to multiplex the low
frequency code generated by said lower frequency band
encoding unit, the high frequency code generated by
the selected higher frequency band encoding unit, the
selection 1nformation generated by said encoding
selecting unit and the block length information gener-
ated by said transform block length selecting umit, and
generate an output code;

wherein said encoding device further includes:

a classitying unit operable to judge a similarity between
_ngh frequency coeflicients included 1n one of trans-
form blocks to be transformed with the transform
block length and high {frequency coeflicients
included in another transform block, when a short
transform block length 1s determined by said trans-
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form block length selecting unit, and classity high
frequency coeflicients 1 each of the transform
blocks judged to have a high degree of similarity
with one another into a group; and

a classification information generating unit operable to
generate classification information indicating a result
provided from said classifying unait;

wherein a plurality of said higher frequency band encod-
ing units are operable to collectively encode high
frequency coeflicients 1 more than one transform
block included 1n one group; and

wherein said code multiplexing unit further operable to
multiplex the classification information 1n addition to
the low frequency code, the high frequency code, the
selection information, and the block length informa-
tion.

8. The encoding device according to claim 7,

wherein said classifying unit 1s operable to compare low
frequency coeflicients included 1n one of the transform
blocks with low 1frequency coeflicients included in
another transform block for every transform block, and
when the low frequency coeflicients in each of the
transform blocks are similar to one another to judge
that high frequency coethicients included 1n each of the
transform blocks also have a high degree of similarity
with one another, and classify the low frequency coet-
ficients and the high frequency coeflicients into a same
group.

9. The encoding device according to claim 7,

wherein said classifying unit includes:

a {irst judging unit operable to compare low frequency
coellicients included in one of the transform blocks
with low frequency coeflicients included 1n another
transform block For every transform block, and
when the low frequency coeflicients 1n each of the
transform blocks are similar to one another, judges

that high frequency coeflicients included 1n each of

the transform blocks also have a high degree of
similarity with one another; and

a second judging unit operable to compare high fre-
quency coellicients included 1n one of the transform
blocks with high frequency coeflicients included 1n
another transform block for every transform block,
and judge similarity between the high frequency
coellicients 1n each of the transform blocks, and

wherein said classifying unit 1s operable to select one of
the judgment made by said first judging unit and the
judgment made by said second Judgmg unit, and clas-
sify the high frequency coeflicients 1 each of the
transform block into a group according to the selected
judgment.

10. An encoding device comprising:

a time-frequency transforming unit operable to transform
an mmput signal ito spectral coellicients representing,
frequency components of all frequency bands of the
input signal;

a first band dividing unit operable to divide the spectral
coellicients into coetlicients 1n a lower frequency band,
and coellicients 1n a higher frequency band, and to
further divide the spectral coeflicients 1n the higher
frequency band into a plurality of sub-bands;

a lower frequency band encoding unit operable to encode
the divided coetlicients 1n the lower frequency band
and generate a low frequency code;

a similarity judging unit operable to judge a similarity
between the coethlicients 1n the divided sub-bands and
the coeflicients in the low frequency band, and output
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the similarity, said similarity judging unit including a
noise characteristics judging unit operable to judge
noise characteristics of the spectral coellicients in each
of the divided sub-bands, and a prediction error calcu-

52

coellicients similar to corresponding high frequency
coellicients, amplitude parameters of the high {fre-
quency coellicients and differential parameters between
the low frequency coellicients and the high frequency

lating unit operable to calculate a prediction error 5 coellicients;
between the spectral coellicients 1 each of the sub- a decoding selecting unit operable to select one of said
bands and the spectral coetlicients selected from the plurality of higher frequency band decoding umit
lower frequency band so as to determine a similarity according to selection information included 1n the mput
between the spectral coeflicients in each of the divided code, and cause the selected higher frequency band
sub-bands and the spectral coeflicients selected from 10 decoding, unit to perform decoding; and
the lower frequency band; a signal combining umt operable to combine the low
a plurality of higher frequency band encoding units oper- frequency signal decoded by said lower frequency band
able to encode the coetlicients 1n the higher frequency decoding unit with the high frequency signal decoded
band, through respective encoding methods, generate a by the selected higher frequency band decoding unit,
high frequency code, and generate amplitude param- 15 and generate an output decoded 81gnal said signal
eters indicating an amplitude of the spectral coeflicients Combmmg unit including spectral coeflicients combin-
in each of the sub-bands, wherein a plurality of said ing unit operable to combine the high frequency coet-
higher frequency band encodmg unit include a first ficients decoded by the selected higher frequency band
higher frequency band encoding unit operable to decoding unit with the low {frequency coethlicients
encode only the generated amplitude parameters, and a 20 decoded by said lower frequency band decoding unit,

second higher frequency band encoding unit operable
to encode only two pieces of information which are
positional parameters of the low frequency spectral
coellicients similar to the spectral coeflicients 1n each of

and a frequency-time transforming unit operable to
transform the decoded spectral coetlicients into a time
signal with the transform block length indicated by the
block length information.

12. A decoding device comprising:

a lower frequency band decoding, unit operable to decode
low frequency coeflicients representing spectral coel-
ficients 1n a lower frequency band out of an 1nput code;

a plurality of higher frequency band decoding units oper-

the sub-bands and the amplitude parameters of each of 25
the sub-bands, on the similarity outputted from said
similarity judging unit;

an encoding selecting unit operable to select one of a
plurality of said higher frequency band encoding units

time-irequency transform unit, positional parameters
indicating a position of a part in the low frequency

based on a comprehensive judgment about the judged 30 able to decode high frequency coellicients representing
noise characteristics and the similarity outputted from spectral coellicients, which are divided into a plurality
said similarity judging unit, cause the selected higher of sub-bands, 1n a higher frequency band out of the
frequency band encoding unit to perform encoding, and mput code through respective decoding methods,
generate selection information speciiying an encoding wherein a plurality of said higher frequency band
method employed by the selected higher frequency 35 decoding units include a first higher frequency band
band encoding unit; and decoding unit operable to decode the high frequency
a code multiplexing unit operable to multiplex the low coellicients using only amplitude parameters included
frequency code generated by said lower frequency band in the mput code, and a second higher frequency band
encoding unit, the high frequency code generated by decoding unit operable to decode the high frequency
the selected higher frequency band encoding unit and 40 coeflicients using (1) positional parameters indicating a
the selection mformation generated by said encoding relation of frequency positions between the high fre-
selecting unit, and generate an output code. quency coellicients and a part in the low frequency
11. A decoding device comprising;: coeflicients having a similarity, (2) the amplitude
a lower frequency band decoding unit operable to decode parameters, and (3) differential parameters 1ndlcat1ng a
a low frequency signal representing a signal in a lower 45 level differential between the low frequency coetli-
frequency band out of an mput code; cients and the high frequency coeflicients included 1n
a time-1requency transforming unit operable to transform the mput code;
the low frequency signal decoded by said lower 1ire- a decoding selecting unit operable to select one of said
quency band decoding unit into low frequency coetl- plurality of higher frequency band decoding units for
cients which are spectral coetlicients with a transform 50 every sub-band according to selection information
block length indicated by block length information included 1n the mput code, and cause the selected
included in the mput code; higher frequency band decoding unit to perform decod-
a plurality of higher frequency band decoding units oper- ing; and
able to decode a high frequency signal representing a a signal combining including a spectrum combining unit
signal 1n a higher frequency band out of the mput code 55 operable to combine the decoded low frequency coel-
through respective decoding methods, wherein a plu- ficients with the high frequency coetlicients decoded by
rality of said higher frequency band decoding units the selected higher frequency band decoding unit, and
include a first higher frequency band decoding unit a frequency-time transforming unit operable to trans-
operable to decode high frequency coeflicients trans- form the combined and decoded spectral coethicients
formed with the transform block length using a speci- 60 into a time signal with the transform block length
fied noise signal and amplitude parameters included 1n indicated by the block length information included 1n
the mput code, and a second higher frequency band the 1nput code and generate an output decoded signal,
decoding unit operable to decode the high frequency wherein the low frequency coelilicients and the high
coellicients using the low {requency coellicients frequency coeflicients are generated by a time-fre-
acquired as a result of the transform performed by said 65 quency transform performed with a transform block

length indicated by block length information included
in the mput code, and



US 7,246,065 B2

53

wherein the selected higher frequency band decoding unit
1s operable to perform decoding for all transform
blocks 1 a same group by using sets of encoding
parameters commonly used 1n a plurality of the trans-
form blocks included 1n the group according to classi-
fication information included in the mnput code, when
the transform block length indicated by the block
length information 1s a short transform block length.

13. The decoding device according to claim 12, wherein |,
the selected higher frequency band decoding unit 1s operable
to perform decoding for the transform blocks 1n the same
group according to the classification imformation decoded
together with the low frequency coeflicients, when the
transform block length indicated by the block length infor- 15
mation 1s the short transtform block length.

54

14. The decoding device according to claim 12, wherein:
said lower frequency band decoding umit 1s operable to

perform decoding for the all transtform blocks belong-
ing to the same group by using the sets of the encoding
parameters commonly used 1n a plurality of the trans-
form blocks included 1n the group according to first
classification information included in the mput code;
and

the selected higher frequency band decoding unit operable

to select one of the first classification information
acquired from said lower frequency band decoding unit
and second classification information included 1n the
input code, and decode the high frequency coeflicients
according to the selected classification information.
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It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

In claim 3 at column 46, line 49, “selecting, unit” should be --selecting unit--.

In claim 7 at column 49, line 44, “an encoding selecting, umt ,” should be --an encoding
selecting unit--.

In claim 7 at column 50, line 12, “unit further” should be --unit 1s further--.

In claim 8 at column 50, line 23, “to one another to judge” should be --to one another, to
Judge--.

In claim 9 at column 50, line 36, “judges™ should be --judge--.
In claim 10 at column 51, line 14, “band, through™ should be --band through--.

In claim 10 at column 51, line 26, “sub-bands, on the” should be --sub-bands, based
on--.
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